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This  handbook  presents  the  methods  used  in  testing  and 
evaluating  aircraft  environmental  control  subsystems  at  the 
Air  Force  Flight  Test  Center  (APFTC) ,  Edwards  APB,  California. 
The  work  was  done  under  the  authority  of  the  Study  Plan  for 
Development  of  a  Handbook  for  Aircraft  Environmental  Control 
Subsystem  Testing. 

The  format  of  this  handbook  is  chosen  to  make  it  easily 
used  by  project  engineers  of  the  Subsystems  Branch,  Airframe 
Systems  Division  of  Flight  Test  Engineering,  AFFTC.  It  is 
oesigned  to  introduce  a  newly  assigned  flight  test  engineer 
to  the  subject  and  provide  a  working  reference  for  planning 
and  conduct  of  environmental  control  subsystem  flight  tests 
€md  analysis,  evaluation  and  reporting  of  results. 
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IHrnODUCTIOM 


Th«  purpose  of  this  Handbook  is  to  provldo  the  AFFTC  flight 
tost  onginoor  rosponsiblo  for  ovaluation  of  an  airplana  anviron- 
montal  oontrol  syaton  (CCS)  with  tho  background*  philosophy  and 
proeaduraa  for  planning*  oonduct*  data  analysis  and  ovaluation 
of  CCS  toats.  It  is  advisory  in  naturo  and  noithor  sx^rsadss 
Air  Pores  roquiromonts  nor  roliovos  tho  Plight  Tost  Enginoar  of 
tho  oxoroiso  of  judgomont  in  its  application. 

Tho  subjoots  addrossod  include  tho  following t 

1.  Tho  objoctivo  of  tho  APPTC  ovaluation  and  its 
rolationship  to  doai«  n  roquiromanta  and  to  tho  noods  of  tho 
operational  user. 

2.  CCS  oloAonts  and  basic  functions. 

3.  A  roviow  and  analysis  of  roquironvants . 

4.  Planning  of  flight  tests. 

5.  Data  analysis  and  systor.  evaluation. 


OBJECTIVES  JOm  ENVIRONMENT  OF  ECS  TESTS 


The  Charter  of  the  AFFTC  is  the  developisent,  teat  and  evaluation 
of  new  and  modified  weapon  aya terns.  In  thia  role  the  Canter  ia  a 
bridge  between  the  design  engineer  and  uhe  operational  user*  Center 
evaluations  of  aircraft  require  not  only  engineering  expertise,  to 
conduct  a  technical  evaluaticn  but  also  a  keen  ind  perceptive  evalu¬ 
ation  of  the  needs  of  the  operator  and  of  the  environment  in  which 
the  aircraft  is  to  fulfill  iU  ^aission.  As  an  illustration  of 
operator  needs  one  may  consider  the  tactical  pilot  who  may  have  to 
operate  in  an  environment  ranging  from  difficult  and  distracting  to 
actively  hostile.  The  ECS  should  be  designed  to  minimize  pilot 
distraction  and  work  load.  Similarly,  field  servicing  should  be 
fast,  simple  and  as  error  proof  under  stress  as  is  reasonably 
feasible. 

Considerable  attention  will  necessarily  be  given  to  testing 
against  specific  requirements  but  the  flight  test  engineer  should 
seek  comment  from  flight  crews  with  operational  experience  and 
continuously  encourage  ground  crews  to  evaluate  the  aircraft  as  an 
operational  system.  This  Handbook  attempts  to  en^hasize  this 
approach  but  in  the  final  analysis  it  cannot  be  fully  defined  in 
print  but  must  be  ensured  by  the  attitude  and  objectives  of  the 
test  team. 

POSITION  OF  APPTC  IN  THE  DEVELOPMENT  AND  EVALUATION  PROCESS 

The  contractor  responds  to  the  specific,  program  peculiar 
requirements  of  his  contract  and  to  general  system  requirements 
with  an  "end  item  specification"  for  the  ECS  of  his  aircraft.  The 
contractor  is  required  to  demonstrate  compliance  with  specifications 
by  flight  test  of  an  aircraft  representative  of  the  production 
version.  The  primary  function  of  the  AFFTC  is  to  oversee  and 
cooperate  in  these  tests,  perform  independent  analyses  of  the  data 
and.  if  necessary,  conduct  additional  tests. 

AGENCIES  INVOLVED 

Tests  of  the  ECS  are  conducted  at  the  AFFTC.  usually  by  a 
Confined  Test  Force,  involving  a  number  of  Air  Force  agencies 
as  well  as  the  contractor.  Table  1  (page  13)  shows  the  interest 
and  responsibility  of  each  of  the  major  agencies  Involved. 

It  is  important  to  appreciate  the  interest  and  expertise  of  the 
agencies  involved  in  order  to  cooperate  effectively.  For  exan^ple. 

a.  The  ooncractor  develops  the  system  and  demonstrates  to 
the  System  Program  Office  that  it  meets  specifications. 

b.  The  System  Program  Office  reviews  and  analytes  the 
data  to  check  compliance. 
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Table  1 


INTEREST  AND  RESPONSIBILITIES  OF  MAJOR  AGENCIES  INVOLVED 


IN  OT&E  FLIGHT  TEST 

OP  ECS 

TYPE  TEST 
AGENCY 

DEVELOPMENT 

DEMONSTRATE 

TO  SPECIFICATIONS 

RELIABILITY  6 
MAINTAINABILITY 

operationaI 

BFFECTIVENra 

1 

Contractor 

Yes 

Yes 

Assist 

No  j 

ASD/SPO 

Direct 

Check 

Cosqpllance 

Check 

NO  j 

1 

AFPTC 

Liaison 

Oversight  & 
Independent 
Analysis 

Primary 

Responslbl li ties 

Yes  i 

J 

APTEC 

No 

No 

Yes 

•fl 

Primary  | 
Res  pons  ibillj 

User  Comaand 

No 

No 

Advance  Data 
Advice 

Advance  Dat| 
Advice 

Air  Training 
Command 

No 

No 

Advance  Data 

Advance  Dad 

j 

Logistics 

Command 

No 

No 

Advance  Data 

Advance  Data 
Advice  1 

NOTES  1 

ASD  •  Aeronautical  Systems  Division 
SPO  •  System  Program  Office 

AFl'EC  >  Air  Force  Test  and  Evaluation  Center 

*0n  some  in-service  aircraft  Air  Force  Logistics 
Command  as  Program  Manager  will  be  the  test 
requester  rather  than  a  System  Program  Office 
of  Aerc nautical  Systems  Division. 


c.  The  AFFTC  independently  Analyses  data,  perfornw  additional 
tests  ao  necessary,  provides  independent  evaluation  as  required, 
and  reports  to  the  fystem  Program  Office. 

The  AFFTC  flight  test  engineer  conducts  tests  or  participates  in 
tests  conducted,  as  necessary,  to  ensure  that  AFFTC  responsibilities 
are  met.  As  the  flight  program  and  development  of  the  test  aircraft 
progresses  the  relative  roles  and  responsibilities  of  the  member  of 
tile  test  team  vrlll  change.  Initially,  emphasis  is  on  development 
testing.  At  this  time  the  contractor  has  a  lead  rale  while  the  AFFTC 
engineer  participates  and  conducts  his  own  analyses  and  evaluations. 
Later,  emphasis  shifts  to  test  and  evaluation,  with  increased  partic¬ 
ipation  by  APTEC  and  using  commands.  The  AFFTC  engineer  then  assumes 
a  lead  role.  Even  though  much  of  the  work  may  be  performed  )<y  the 
contractors  team  he  must  initiate  and  conduct  tests,  as  necessary, 
and  oversee  analysis  and  evaluation  of  results. 

nULTI-PtIKPOSE  PLIGHT  TESTS 

llany  ECS  tests  will  be  performed  during  other  tests  or  during 
flights  which  also  involve  other  tests.  Hence,  the  engineer 
responsible  for  the  F.CS  test  musts 

a.  See  that  his  tests  are  properly  performed. 

b.  Encourage  the  flight  and  ground  crev;s  to  report  any 
incidents  pertinent  to  the  ECS. 

With  regard  to  the  proper  performance  of  tests,  ECS  tests 
are  often  performed  piggyback  on  other  tests  or  as  alternate 
missions  when  the  primary  mission  cannot  be  performed.  The  ECS 
test  engineer  must  see  that  his  tests  are  pruperl^y  briefed  and  that 
the  necessasry  instrumentation  is  functional  and  is  used. 

Also,  the  subsystem  engineer  must  interface  in  some  areas  of 
test  with  other  AFFTC  organizations  such  as  Human  Factors,  Reli¬ 
ability  and  Maintainability  or  Technical  Order  Verification  and 
Validation.  Such  interfaces  are  Identified  in  the  section  on 
planning  of  flight  tests.  For  this  purpose  he  should  identify 
contacts  within  these  organizations  to  facilitate  good  liaison. 

For  example  contamination  measurements  and  evaluations  of  the 
functioning  of  pressure  suits  and  oxygen  systems  may  actually  be 
performed  by  human  Factors  engineers.  All-weather  tests  are 
usually  performed  on  the  total  weapon  system  under  the  direction 
of  an  all-weather  test  engineer.  The  ECS  tent  engineer  works 
closely  with  the  all-weather  test  engineer  to  develop  the  test 
program,  plans  for  the  retrieval  of  his  data,  conducts  the 
analyses  and  writes  the  subsystem  report. 
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I!!<!!S  PUNCTIOlilS  iVlD  ELEMENTS 


Tlic  ECS  performs  the  followlnc;  functions  when  they  are 
required  on  a  particular  type  of  aircraft* 

(a)  Distribution  of  engine  compressor  bleed  .dr  between  the 
engine (s)  and  the  oomponenta  and  subsystems  that  require  bleed  fklr. 

(b)  Air  conditioning,  pres aurl sat ion,  cooling,  heating, 
ventilation,  contamination  control  and  moisture  control  of 
occupied  compartments,  equipment  compartments  and  electronic 
equipment. 

(c)  Anti-icing  or  de-icing  of  flight  surfaces,  radomes, 
antennas  and  ram  air  scoops. 

(d)  Removal  of  rain,  snow,  ice,  frost,  fog,  < ust  and  insects 
from  transparent  surfaces  and  sensor  windows. 

(e)  Pressurization  and  toiqperaturo  control  o^  air  for  anti-g 
suits,  pressure  suits  and  ventilation  suits.  Preri uri ration  of 
inflatable  pressure  seals,  subsystem  reservoirs  anc  miscellaneous 
equipment. 

(f)  Purging  of  gun  gas  and  of  vapor  and  fuel  from  air 
refueling  manifolds. 

(g)  Oxygen  supply. 

This  section  presents  an  overview  of  each  of  these  functions  and 
the  design  approaches  to  them  which  arc  commonly  used.  These 
approaches  vary  wide!/.  For  example,  cabin  heating  on  Air  Force 
aircraft  normally  uses  heat  from  main  propulsion  compressor  bleed 
air  (from  turbine  engines)  or  an  Auxilary  Power  Unit  (APU) ,  but 
it  can  be  obtained  from  engine  or  APU  exhaust  heat  exchangers  or 
from  electric  or  combustion  heaters.  The  air  used  for  cooling 
also  comes  from  compressor  air  bleed.  This  air  may  be  cooled  by 
air  or  vapor  cycle  refrigeration,  ram  air,  expendable  coolants, 
heat  storage  materials,  thermoelectric  refrigeration  or  similar 
techniques.  In  order  to  preserve  a  reasonable  degree  of  read¬ 
ability,  the  descriptions  and  discussions  in  this  section  will 
primarily  address  the  approaches  commonly  used  in  Air  Force 
aircraft,  including* 

(a)  Use  of  engi  le/APU  bleed  air  for  heating. 

(h)  Air  cycle  O'  vapor  cycle  rofrlgeration. 
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Because  of  the  variety  in  design  approaches  and  in  the  deteils 
of  implementation  it  is  imperative  that  the  ECS  flight  teat  engineer 
become  very  familiar  with  the  details  of  the  system  under  test  by 
studying  the  end  item  specifications  of  the  aircraft  nanufaetuser 
and  relevant  Technical  Orders.  He  should  read  the  manufacturefb 
design  analysis  and  failure  modes  and  effects  analysis  for  tdie  system 
and  also  those  parts  of  the  SAB  Aerospace  Applied  Iftermpd^nasdai 
Manual  (Kef  1)  whidk  apply.  lie  ^ould  avail  himself  of  the  special 
contractor  training,  both  design  and  maintenance,  tdiich  is  usually 
given  to  key  personnel  on  a  new  system.  A  useful  self  taught  BCS 
mechanics  course  is  wailable  through  the  Education  Office  (Ref  2). 

Simulation  tech  iiques  are  available  for  the  air  conditioning/ 
press uri sat ion  elements  of  the  ECS.  In  particular  the  'EASY* 
program,  available  aitd  operating  at  AFFTC,  is  apecificlally 
designed  for  ECS  modcillng.  Use  of  such  simulation  can  be  most 
valuable  in: 

(a)  Ensuring  tfiat  the  engineer  is  indeed  famllar  with  the 
inner  workings  of  the  specific  system  with  which  he  is  concerned 

(b)  Anticipatirg  potential  problem  areas  and 

(c)  Understanding  problems  vdiich  may  arise. 

ENGINE  COMPRESSOR  BLEED  AIR  SYSTEM 

On  turbine  engined  aircraft,  the  engine  compressor  is  a  very 
convenient  source  of  hot,  high  pressure  air,  which  is  used  as  the 
primary  source  of  pressurised  air  to  supply  such  elements  as 
occupied  compartments,  fuel  tanks,  inflatable  pressure  seals,  anti-g 
suits  and  so  on.  The  compressor  bleed  air  system  includes  all  the 
ducting,  conditioning  and  controls  between  the  primary  and  alternate 
sources  (bleed  ports  or  manifolds  on  the  engines,  auxiliary  power 
units,  groxind  support  equipment  and  so  on)  and  the  using  element. 

For  example,  it  dMs  not  include  the  ports  or  manifold  on  the 
engine  or  the  fuel  tank  press uri sat ion  controls  but  does  include 
everything  in  between.  The  bleed  air  system  is  used  to  provide 
each  'lament  with  air  at  the  rates  and  pressure  which  that 
element  needs. 

The  bleed  air  is  very  hot  ( appro xlmltely  600-900  degrees  F) 
when  it  leaves  the  engine.  The  bleed  air  system  therefore  includes 
a  "preconditioning"  heat  exchanger  to  reduce  bleed  air  ten^erature 
so  that  the  hot  air  will  not  ignite  fuel  or  hydraulic  fluid.  This 
heat  exchanger  is  usually  a  ram  air  type  which  dumps  the  heat  to 
outside  air.  On  some  installations  the  cooling  air  for  the  heat 
exchange  is  bled  from  the  engine  fan.  Additional  conditioning 
will,  in  general,  be  required  of  the  air  delivered  to  eadh  subsystem 


served.  For  exsnqple,  the  air  supplied  to  an  anti-g  suit  must 
be  controlled  between  SS  and  130  degrees  F,  that  to  a  pressure 
suit  between  55  and  90  degrees  F. 

Inflatable  seals,  unlike  pressurized  fuel  tanks,  are  defined 
as  part  of  the  ECS.  These  seal  doors  canopies  and  so  on  to  enable 
pres s uri sation . 

Figure  1  (page  18)  shows  an  exan^le  of  an  inflatable  soal  for 
the  F- 15  canopy.  Locking  the  canopy  admits  air  to  the  seal  at  a 
regulated  pressure  of  20  ^1  PSIG.  Unlocking  the  canopy  shuts  off 
the  pressurised  air  and  vents  (deflates)  the  seal. 

Gun  gas  purge  systems  are  used  to  purge  accumulated  gun  gas 
during  and  after  firing.  The  main  con^onents  are  a  purge  shutoff 
valve  and  ejector,  gun  gas  exhaust  tube,  check  valve,  manifold 
and  time  delay  relay.  The  purging  airflow  to  the  gun  oon^artment 
is  controlled  by  a  aolonoid«operated  shutoff  valve  that  is 
activated  by  the  gun  trigger  switch.  The  valve  will  be  held  open 
by  a  time  delay  relay  for  approximately  30  seconds  after  firing 
has  ceased.  Purge  air  and  gun  gases  are  directed  through  a  ejector 
to  the  purge  exhaust  port. 

In-flight  refuel  purge  systems  are  used  to  clear  the  air 
refueling  manifold  of  residual  fumes  and/or  fuel  following  air 
refueling  operations.  The  main  components  of  the  refuel  purge 
system  are  a  purge  solenoid-operated  valve,  a  purge  drain  solenoid- 
operated  valve,  and  two  uni-directional  check  valves.  Precon¬ 
ditioned  bleed  air  in  used  for  purging. 

AIR  CONDITIONING  AND  PRESSURIZATION 

Under  this  heading  we  will  Include  pressurization,  cooling, 
heating,  ventilation  and  aolsture  control  of  occupied  con^artments 
and  also  equipment  bays.  Specific  approaches  to  cooling  of 
equipment,  «dilch  are  themselves  quite  varied,  will  be  illus¬ 
trated  later  in  this  section. 

Major  challenge::  involved  in  the  above  functions  include t 

(a)  Cooling  on  the  ground  after  prolonged  heat  soak 

(b)  Moisture  control  when  the  moisture  content  of  the 
outside  air  is  high 

(c)  Air  distribution  at  desired  teiiq>erature  and  flow 
conditions  under  widely  varying  conditions  of  altitude  (pressure) , 
temperature,  eerodynamic  heating  and  solar  radiation 

(d)  Cooling  of  equipment  such  as  radar  transmitters 
«dilch  produce  high  heat  loads. 
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Utt«tln9«  oooling  «nd  prasauritatioik  ars  intavratad  CuMtioni. 

For  axaaiplaf  prassuriaatioti  of  eooiipiad  eoa^^rtaMi^  io  ofCoetod 
by  aupplylag  oonditionad  air  in  aaffieiant  quantity  to  pxovldo 
propar  uaatiXatioa,  ovatooaw  laaka  ?wd  atlU  prM^  anougli 
air  for  daairad  rataa  of  ineraaaa  of  oabin  praaauro  wlian  ^a 
aircraft  ia  daaoaading  at  xaduead  powar*  Qa  air  Perea  ^jreraft 
praaaurisad  air  ia  uauaily  takan  fro*  tha  angina  oonprasaer  or 
an  APU  and  ia  already  vary  hot.  Part  of  it  ia  rafrigaratad  and 
tha  taaparatura  into  tha  oenpartMnt  ia  aontrollad  by  Mixing  of 
tha  rafrigaratad  air  trith  anrafrigaratad  air. 

Praaauritationi 

Thera  are  thraa  praaaora  oentrol  aodaa  involvadi  iaobarie. 
diffarantlal  praaaura  oontrol  and  rata  of  change  control.  In 
tha  firat  mode  a  aalaotad  praaaura  altitude  ia  Maintained  in  tha 
cabin.  On  tranaport  aircraft  thia  can  be  aalaetad  by  tha  craw  to 
be  any  value  batwaan  -1000  ft  and  -flOfOOO  ft.  Tha  aaoond  node 
pravanta  tha  diffarantlal  praaaura  from  axeaading  tha  structural 
limit  of  tha  oompartmant.  and  ovarridaa  ^a  iacbaric  oontrol  aa 
nacassary.  Tha  third  mode  limits  tha  rata  of  change  of  praaaura 
for  purposes  of  orav  ooafort.  It  overrides  tha  isobarlo  oontrol 
but  is  overriden  by  the  differential  praaaura  oontrol.  An  addi¬ 
tional,  indapandant  safety  valva  ays tan  is  raguirad  to  pravant 
struoturally  dangarous  poaitiva  or  negative  diffarantlal  prmsuras. 

Provisions  are  raquirad  for  normal  and  amargancy  pressure 
release  for  occupied  oonpartmanta .  Tha  normal  pressure  ralaasa 
can  dump  cabin  pressure  without  shutting  off  tha  praaaurisad  air 
source.  Tha  amargancy  praaaura  ralaasa  dumps  tha  cabin  praaaux* 
rapidly  and  shuts  off  tha  aourea  of  pressurised  air.  An  amargancy 
ram  air  vantilatim  systam  is  required  for  use  with  the  amarganoy 
dump. 

Ventilation  is  usually  "open  cycle”,  with  used  air  being 
dumped  overboard.  Somatimas  tha  used  air  is  first  routed  through 
equipment  oompartments  to  condition  them,  or  through  such  systems 
as  the  galley  or  toilet  ventilation  systaios  before  being  dumped. 

In  a  few  cases  "closed  cycle”  air  supply  is  used,  in  «dii^  the  air 
is  ra-circulated  with  make-up  air  added  to  overcome  leaks  and 
so  on. 


Temperature  Control! 

Temperature  oontrol  involves  both  heating  and  cooling  of 
occupied  areas  and  equipaant.  One  of  the  major  sources  of  RCS 
oonplaxity  is  oooling,  idiich  requires  removal  of  heat  fr<xR  tha 
occupied  area  os  equipment  «id  dumping  it  into  soma  "aiitfc*  such- 
as  tha  outside  air.  Since  tha  "sink”  will  often  be  at  a  hi^ar 
tamparatura  than  the  daaiaad  eidiln  tamparatura  (aa  with  raM  air 


on  a  hot  day  or  at  hioK  Mach  nwhar)  a  haat  fmib  la  Tmqv&i  :d. 

Moat  Air  Forea  olrorait  ^uaa^  "adr  cy^a*  a^  ooimt  .oniiigr 
air  ia  the  werhin^  f laid  4a  ^a  heat  ^  lio«aMNi:»  ' 

speed  aircraft  aay  use  vapoc  cycle  ayctonc^  aiadla’:^  in  pnCMfiih^to 
the  domaatio  rc£ri«crater  m  fvccccr.  t<Mh  ayctant^  cm  liMdlatM^ 
loads  and  a  iaryc  tanperateve  differenea  hetaaan  tHC  heat  icntrcif 
and  tha  heat  si^. 

An  exoallant  diacttsaicn  of  tafrifcratlon  ayst«ia  daalyil  ia^  ‘ 
given  in  Part  3B  of  Rafaranoa  1  (SJM  Aareapaca  ^piiad  Thame* 
dynamics  Manual) .  Tha  flight  test  enginaar  should  consult  this 
concerning  tha  particular  type  of  system  used  in  tha  aircraft 
being  evaluated*  The  refrigeration  system  may  be  air  cycle 
(air  as  tha  working  fluid)  or  wiper  cycle*  Sohamatios  of  soaa 
of  the  more  mprasantatiwe  ^fpas  will  new  be  disrmaad,  followed 
by  examples  of  actual  aystaas  (P*1SA  and  l*3A> . 

Basic  Closed  Air  Cycle  Syatem. 

Figure  2  (page  21)  ahows  a  schematic  of  a  basic  closed  air 
cycle  system*  Tha  air  pMsad  through  tha  cabin  or  aquiiHWAt 
compartment  is  also  tha  working  fluid  of  the  refrigeration  system* 
Compression  of  air  raises  its  tasparatura,  whidi  makes  tha  heat 
exchanger  more  affective  and  also  enables  expansion  through  tha 
turbine*  to  provide  tha  aMitional  cooling  needed  (usually  to  25*30 
degrees  F*) , 

More  air  is  added  as  neoesaazy  to  overcome  leakage  and  main* 
tain  adaquata  lavala  of  osygan*  This  cycla  ia  thaoratieally 
more  afficiant  than  tha  boot  strap  or  raganarativa  cyelaa  for 
Mat^  numbers  above  about  2*5.  It  has  a  low  operating  praaaura 
and  is  assy  to  control*  but  ia  rarely  used  in  Air  Force  applicationa. 

Open  Air  Cycle  Syatama* 

Open  air  cycle  syatama  are  of  thrao  ganaral  typaa  ^i<di  will 
ba  discussad  in  ordar  of  their  oos^ilaxity, 

Basic  Open  Air  Cvole  System 

Figure  3  (page  22)  ahows  an  illustrative  schematic  of  this 
type  of  syatem*  The  pressurised  (hot)  a*r  from  the  main  angine 
compressor  blaad  is  first  ooolad  by  a  "primary"  hast  axehangar 
which  dumps  heat  to  outaida  air.  The  cooling  air  flow  may  ba 
augmented  on  the  ground  by  ejectors  or  a  fan*  Tha  prmsuriaad 
air  is  than  further  cooled  by  aipamsion  through  a  turbina  bafoca 
being  passed  through  tha  eabin  or  aquipamwt  ooapartmant  and 
chargad  overboard  through  a  prMSura  ragulotor,  work  from 
turbina  may  be  uaed  jy  a  fan  to  draw  oaoltAt  ai|r  ovar  tha  heat 
exchanger  aa  in  tha  oasa  shown*  This  aiapla  type  la  unlike^ 
to  ba  aneour.tarad  on  Air  Force  aircraft* 
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Figure  2  Basic  Closed  Air  Cycle  Systea 


Boot!  trap  Tvp»  Syfia 

Figuro  4  (paga  24)  ahows  a  achomatie  of  bootatrap  (opan  oyola) 
ayatavM.  Aftar  tha  air  la  Maaad  through  tha  pra-eonditioning  haat 
ax<^angar  it  la  ooapraaaad  (ralalng  Ita  tanparatura) »  ooolad  by 
paaaaga  through  a  aaeond  ran  air  haat  axchangar,  than  further  ooolad 
by  axpanalon  through  a  turblna  Which  drlvaa  tha  oonpraaaor,  Thla 
typa  of  ayatan  la  widely  uaad  on  nadlun  parfomanca  (aubaonle)  Air 
Force  aircraft  auch  aa  tha  B-SA.  Ralatlva  to  tha  baalc  ayatamf  it 
loaara  bleed  air  raquirananta.  Conponant  nodallng  and  praaaurl ration 
control  are  relatively  oaay*  For  altitude  operation  It  can  provide 
rated  cooling  over  a  wlda  range  of  flight  oondltlona.  ScaMi  fom  of 
aaalatanoa  (fana,  ejector)  la  naoaaaary  for  ground  cooling  whan 
no  ran  air  praaaura  la  available. 

At  Hach  nuabara  above  about  1.3  cooling  by  ran  air  in  tha 
aacondary  haat  exchanger  baoonaa  Inadequate,  requiring  althar  a 
raganaratlva  ayatan  or  uaa  of  fuel  or  an  aj^and^le  fluid  aa  a 
haat  aink. 


Raqanarativa  Air  Cycle  Syatam 

Thla  typa  ayatan  la  often  uaed  on  aircraft  with  a  high  Mach 
number  capability,  au^  aa  tha  P-15  and  P-16,  for  which  tha  temp¬ 
erature  of  the  ran  air  may  be  quite  high.  It  la  aimilar  to  the 
bootatrap  type  ayatan  except  that  aome  of  tha  cooled  air  leaving 
the  turbine  ia  uaed  to  pre-cool  the  air  entering  the  turblna  and 
la  than  dunpad  overboard.  Alternatively,  wat«)r  from  tha  water 
aaparator  may  be  uaad  for  this  purpose  (P-16) . 

Basic  Vapor  tycla  System. 

Figure  5  (page  25)  shows  a  schematic  fot  a  basic  vapor  cycle 
system.  The  refrigeration  system  is  closed  e/cla.  Heat  is 
absorbed  from  tha  haat  axidiangar  by  vaporising  tha  working 
fluid,  %fhlch  is  than  oonprassad  and  condanaad  In  tha  haat  sink. 

The  refrigerated  fluid  flow  (oabln  air,  etc)  nay  be  open  cycle 
or  closed  cycle.  This  typa  of  system  la  efficient,  gives  hl^ 
capacity  and  permits  placing  ooollng  units  In  remote  locations. 
However,  it  Is  heavier  and  less  oonpact  than  air  cycle  systems 
and  requires  a  separate  source  for  cabin  pressurlaatlon.  8u^  a 
system  ia  used  on  the  Bl. 

Combination  Vapor/Alr  Cycle  System. 

Figure  6  (page  26)  shoira  an  lllustratlvn  adiematic  of  a 
vapor/air  cycle  system  which  combines  some  of  the  advantages 
of  both  systems,  using  a  closed  cycle  re  frige  rratlng  system  and 
an  open  cycle  cabin  a.r  supply  system. 
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Figure  6  Combination  Vapor /Air  Cycle  System 


Water  Separator  at 

Moisture  reiQoyaX  is  a  major  challenge  in  a  hot*  humid  envi¬ 
ronment  not  only  felt  crew  comfort  but  also  tc  protect  avionics 
and  to  control  problems  Of  oorrosion  and  tunc  us  growth  resul  ':inq 
from  condensation  ever  equipment. 

With  air  cycle  air  conditioning  water  separation  is  usually 
mechanical.  The  air  leaving  the  air  cycle  ti.rblhe  is  very  cold 
and  much  of  the  moisture  will  have  (»ndensed  into  water  droplets. 

It  is  desirable  to  allow  enough  distAnce  for  these  droplets  to 
agglomerate  to  l-2iaa  in  size  before  entering  the  separator.  A 
simple  separator  consists  of  a  coalescer  unit  to  catch  the  droplets, 
collector  tubes  aiid  plates,  and  an  internal  relief  valve  to  bypass 
the  coalescer  if  it  Is  blocked  by  ice.  The  coalescer  unit  has  a 
filtration  element  which  changes  the  droplets  into  larger  drops, 
which  arc  then  blown  on  to  collector  tubes  oi  plates.  A  centri¬ 
fugal  device  (a  turbine  rotor  or  swivol  turbine)  can  also  be  used 
provided  tliat  the  droplets  are  large  enough  for  effective  separation. 
With  vapor  cycle  refrigeration  the  water  will  usually  condense 
on  the  heat  transfer  surfaces  of  the  evaporator  unit  and  can  be 
collected  in  a  downs  :roam  trap. 

Examples  of  Actual  Systems! 

Figure  7  (page  28)  shows  the  schematic  of  the  F-IS  system,  which 
is  of  the  regenerati/e  type  (reference  3) .  The  following  discussion 
of  the  operation  of  air  cycle  systems  relates  primarily  to  this 
example,  but  some  common  variations  from  it  arc  also  discussed. 

niced  air  leaves  the  engines  through  pressure  regvJator/ 
shut-off  valves  (item  17  in  the  diagram)  and  goes  to  the  primary, 
preconditioning  heat  exchangers  where  it  is  cooled  by  ram  air,  the 
resulting  temperature  being  controlled  by  a  bypass  temperature 
control  Utem  IS).  Some  bleed  air  can  be  diverted  (27)  to  ejectors 
to  Induce  flow  through  the  heat  exchangers  on  the  ground.  Air  for 
air  conditioning  then  goes  through  the  flow  control  (1)  to  the 
compressor  component  of  the  compressor/turbine  assembly.  This 
compressed  air  is  then  ducted  to  the  seconder/  heat  exchanger  where 
the  heat  of  compression  is  transferred  to  rair  air.  The  airflow 
is  next  routed  through  a  regenerative  heat  exchanger,  to  the 
turbine /compress or  where  it  is  expanded  through  the  turbine  component 
During  the  expansion  process,  the  air  may  be  reduced  to  subfreezing 
temperatures,  dependent  upon  ambient  air  temperature  and  humidity 
conditions.  Some  of  this  cooled  air  is  looped  back  to  the  regen¬ 
erative  heat  exchanger,  (14),  to  pre-cool  the  air  entering  the 
turbine,  before  being  dumped  overboard.  (Xt  is  this  regenerative 
feature,  needed  at  high  Mach  numbers,  whidh  distinguishes  these 
systems  from  ordinary  bootstrap  systems.)  All  conditioned  air  then 
goes  to  the  primary  water  separator,  downstream  of  which  cabin 
conditioning  air  is  dianneled  through  a  second  water  separator. 
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mixed  with  non> refrigerated  air  to  produce  t^e  desired  ten^eraturo 
and  ducted  to  the  cabin t 

In  the  E-3A  (reference  4),  the  occupied  area  is  divided  into 
four  zones.  A  bootstrap  air  cycle  system  cods  the  conditioned 
bleed  air  sufficiently  to  cool  the  moat  demanding  zone.  Unrofrig- 
erated  bleed  air  is  then  mixed  with  the  refrigerated  air  going 
to  the  other  zones  to  "trim*  the  air  temperature  in  them  as 
required. 

AVIONICS/EQTTIPMENT  COOLING  AMD  PRESSURIZATION 

Equipment  cooling  requirements  cover  a  wide  range,  up  to  very 
high  heat  dissipation  requirements  for  radar  transmitters. 
Correspondingly,  a  wide  range  of  cooling  techniques  is  used,  which 
includes :  / 

(a)  Free  convection  air  cooling  (conditioned  air  supplied 

to  the  equipment  compartment,  sometimes  from  outfit  w  from  occuxiied 
compartments). 

(b)  Internally  forced  air  cooling  (conditioned  air  supplied 
to  the  unit) . 

(c)  Cold  plate  forced  convection  air  cooled  (equipment  is 
mounted  on  a  cold  plate  cooled  by  conditioned  air) . 

(d)  Forced  convection  liquid  cooled  (li:^uid  coolant  pumped 
through  the  unit  and  then  to  a  heat  exchanger  to  dump  the  heat 
load) . 

(e)  Thermo-electric  cooling,  using  the  Peltier  effect,  as  in 
the  familiar  thermocouple.  This  has  been  used  to  cool  hot  spots 
in  electronic  systems. 

For  purposes  of  illustration,  equipment  cooling  implementation 
on  the  B-3A  and  the  F-ISA  will  now  be  discussed. 

E-3A  Equipment  Cooling: 

E-3A  equipment  cooling  uses  two  functionally  identical  forced 
air  cooling  systems,  a  draw  through  system,  a  liquid  cooling  system 
for  the  Surveillance  Radar  Functional  Group  and  a  mixed  Antenna 
Pedestal  Cooling  System. 

Selected  avionics  equipment  is  cooled  by  two  separate,  but 
functionally  Identical,  forced  air  cooling  systems  utilizing 
recirculating  air  cooling  loops  with  ram  air  as  the  heat  sink. 

These  systems  are  designated  the  forward  and  aft  forced  air 
cooling  systems  and  are  shown  schematically  in  figures  8  and  9 
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(pages  31  and  32)  respectively*  Electric  motor  driven  fans  circu^te 
cooling  air  through  the  avionics  equipment  and  intercManonotlAg  diluting. 
During  normal  flight  operations,  the  heat  rejected  by  the  avionics 
and  a^oorbod  by  the  reel reulmted  air  is  rojeoted  to  ram  air  in  a 
heat  exchanger  located  in  ram  coolant  air  oirouirt.  VAien  the 
aircraft  is  unpreasurised,  ambient  air  is  used  diroctly  or  mixed 
v/ith  recirculated  air  as  dictated  by  ambient  air  tei^eratures 
and  avionics  heat  loads  to  cool  the  avionics  equipment. 

The' draw  through  air  cooling  system  (figure  10,  page 33)  is  a 
controlled  ventilation  system  whiOi  provides  airflow  across  and 
through  selected  avionics  equipmcni-.  located  in  the  main  cabin, 
forward  equipment  bay,  and  the  flight  deOc.  Using  cabin  condition¬ 
ing  air  as  the  cooling  medium,  air  drawn  through  the  equipment 
into  a  system  of  ducts  and  manifolds  by  a  motor-driven  fan 
(ground  mode)  or  flow  limiting  venturi  (flight  mode). 

The  Liquid  Cooling  System  (LCS)  provides  a  temperature 
controlled  flow  of  Ethylene  Glycol  Water  mixture  (EGtV)  to  the 
surveillance  radar  transmitter.  In  flight,  the  heat  in  the  coolant 
is  rejected  to  the  aircraft  fuel  t-hrough  four  liquid-to- liquid 
heat  exchangers.  On  the  ground  the  heat  is  rejected  through  a 
simple  heat  exchanger  cooled  by  a  ground  cart.  A  schematic  of  the 
LCn  system  is  presented  in  figure  11  (page  34). 

The  Antenna  Pedestal  Environmontal  Control  System  (APECS)  is 
designed  to  dissipate  the  heat  generated  by  the  surveillance  radar 
functional  group  (other  than  the  surveillance  radar  transmitter) 
and  by  the  Identification  Functional  Group  (IFG)  and  associated 
equipment  (figure  12,  page  35K  The  APECS  is  a  combination  of  a 
controlled  air  ventilation  system,  which  provides  airflow  across 
selected  avionics,  and  a  liquid  cooling  system  which  provides 
temperature  controlled  flow  of  fluorocarbon  rc-77  to  other  antenna 
pedestal  avionics.  After  circulating  through  the  liquid  cooled 
avionics  heat  loads,  the  FC-77  is  returned  by  a  motor-driven  pump 
auid  either  passes  through  the  air-to- liquid  heat  e'tchanger  for 
cooling,  or  bypasses  it,  depending  upon  the  temperature  controller, 
to  maintain  proper  coolant  temperature  (85  +  5  degrees  F) .  Air 
supplied  to  tlie  heat  exchanger  and  to  proviHe  convective  coling  is 
eitlier  recirculated  air  or  outside  air. 

In  the  recirculation  mode,  which  uses  the  heat  sink  capacity 
of  tlic  antenna  pedestal  air  and  structure,  air  is  drawn  across 
the  heat  exchanger  by  fans  and  dispersed  througliout  the  antenna 
pedestal  cavity  and  ultimately  returns  through  the  fan.  No 
outside  air  is  introduced  to  the  antenna  pedestal  cavity  in  this 
mode.  In  the  outside  air  mode,  air  is  drawn  in  through  air  inlet 
doors  over  the  heat  exchanger  and  through  the  fans  before  being 
discharged  overboard.  The  APECS  is  designed  to  switch  to  the 
outside  air  mode  when  the  FC-77  temperature  approaches  90  degrees 
F,  The  ground  cart  ;odc  is  a  modified  outside  air  mode,  the  only 


30 


-Electronic 


Figure  8  FORUARO  FORCED  AIR  COOLIMR  SYSTEM 


differences  being  that  the  air  source  is  from  sn  sir  conditioning 
cart  and  that  some  air  is  allowed  to  circulate  within  the  antenna 
pedestal  cavity  before  being  expelled. 


F-ISA  C99^nf « 

The  schematic  of  the  P-ISA  in  figure  7  (page  28)  shows  how 
the  avionics  cooling  is  arranged.  Chilled  air  from  the  cooling 
turbine  assembly  is  mixed  with  high  pressure  conditioned  bleed 
air,  the  mix  being  controlled  by  the  avionics  flow  control  (item  6 
in  the  figure)  and  the  avionics  taiaperature  control  (20).  This 
conditioned  air  is  used  to  cool  the  forward  and  aft  avionics 
oong»artments  and  the  Internal  ooun ter meas urea  ooa|>artment»  frma 
tdtich  it  is  duiig>ed  overboard.  The  conditioned  air  on  its  way  to 
these  conqpartmenta  is  passed  over  a  liquid  to  air  heat  exchanger 
which  supplies  coolant  to  the  radar  transmitter.  Bmargency  ram 
air,  if  required,  is  edmitted  upstream  of  this  heat  ex^anger  and 
is  passed  over  this  ard  through  the  avionics  coo^artments . 

other  equipment  on  the  P-15A  is  cooled  by  the  fuel  flawing 
to  the  engine  (figure  13,  page  37) .  If  the  fuol  temperature 
leaving  these  radiatois  exceeds  195  degrees  P  additional  fuel 
flow,  limited  to  10  gel/min  per  engine,  is  bypassed  bade  to  the 
internal  wing  tanks.  This  type  of  system  can  result  in  overheating 
of  equipment  during  descent  at  low  power  or  in  case  of  engine 
failure. 

ANTI-ICINO,  DEFROSTING  AND  DEPOGCING,  RAIN  REMOVAL 

Anti-icing  (prevention  of  ice  build  up)  may  be  required  for 
all  portions  of  wings  and  stabilisers  exposed  to  ice,  on  the  engine 
air  inlet  (part  of  ^e  engine  system) ,  on  air  scoops  and  on  duct 
guide  vanes  (reference  S) .  Anti-icing,  defrosting  and  defogqing  is 
required  for  all  mission  essential  transparent  areas.  This  includes, 
for  exanple,  areas  needed  for  formation  flying  or  for  evasive  action. 
Rain  and  snow  removal  is  required  for  the  windshield  and  for  sensor 
windows.  Salt  spray  removal  and  insect  and  dust  removal  (ono  120  mg 
insect  per  20,000  cubic  ft)  are  required  when  the  mission  calls  for 
low  level  flight  over  ocean  and  over  land  respectively. 

Anti-icing  of  Non-Transparent  Areas t 

In  general,  anti-icing  of  flight  surfaces  is  only  required  on 
aircraft  which  have  to  fly  both  low  and  slowly.  As  a  result, 
full  anti-icing  of  flight  surfaces  is  rarely  called  for  on  Air 
Force  aircraft.  Anti-icing  is  usually  limited  to  pitot  systems, 
radoir.33  (if  ice  would  degrade  effectiveness) ,  essential  air  sco<^ 
and  30  on.  If,  however,  anti-icing  is  required,  then  the  following 
discussion  applies. 
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Figure  13  F-ISA  Fuel  Cooling  of  Iquipment 


Anti-icing  is  zaquirsd  for  the  following  rsprosentativa  flight 
conditions! 

(1)  Clisib  St  spssd  for  maximum  rate  of  climb. 

(2)  Cruise  at  speed  for  maximum  range  at  normal  operating 
altitude,  if  that  altitude  is  less  than  20,000  £*ot. 

(3)  Descent  (at  speeds,  rate  of  descent  and  engine  power  as 
recommended  by  the  manufacturer,  subject  to  approval  by 
the  procuring  activity.) 

If  the  design  mission  of  the  airplane  requires  intermittent  oper¬ 
ation  below  20,000  feet  typical  conditions  including  the  high  and 
low  extremes  of  speed  are  to  be  Included  as  design  points. 

Surfaces  to  be  provided  with  anti-icing  are  as  follows: 

(1)  All  portlors  of  the  wings  and  stabilizing  surfaces 
which  are  exposed  to  ice. 

(2)  Engine  inlets,  antenna  mests,  hinge  fairings,  spoilers^ 
dive  brakes ,  struts  and  otltcr  ice  accreting  paurts  if 
required  by  either  (a)  the  effect  of  ice  accumulation 
on  the  norral  functioning  of  the  part  or  (b)  the  effect 
of  increased  drag  on  aircraft  performance. 

(3)  Entrances  to  air  scoops  which  must  function  during 
icing  conditions,  plus  protection  of  guide  vanes  or 
at  abrupt  changes  of  direction. 

TWO  levels  of  protection  arc  required,  "evaporative"  and 
"running-wet".  In  the  former,  enough  heat  is  supplied  to 
completely  evaporate  ice  over  the  impact  area,  while  in  the 
Intter  it  is  sufricient  to  prevent  freezing  over  the  area. 

For  speeds  less  than  curve  A  of  Figure  14  (page  39  )  complete 
evaporation  is  required  of  all  impinging  water  droplets  at 
temperatures  down  to  15  degrees  F  unless  the  entire  object  is 
heated.  In  this  case  a  running-wet  surface  is  allowable  with  a 
mininum  ton^erature  of  35  degrees  P  at  0  degrees  F  ombinet  ten^- 
eraturc.  For  speeds  greater  than  curve  A  but  less  than  curve  3 
the  anti-icing  system  need  only  provide  a  running-wet  surface 
at  0  degrees  F  ambient  temperature  since  the  runback  should  not 
freeze.  For  design  speeds  greater  than  curve  B  no  anti-icing 
is  required  except  for  landing  and  ta};e  off. 

Thermal  anti-icing  is  usually  used.  Steady  state  hot  air 
systems  are  usual  but  cycle  electrical  or  cycle  hot  air  systems 
may  be  used  if  designed  and  installed  in  accordance  with  an 
approved  contractor  specification.  These  systems  are  discussed 
in  Part  3F  of  Reference  1. 
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The  usual  approach  for  Air  Force  aircraft  is  to  duct 
pre-conditioned  air  from  the  engine  compressors  through  passages 
integral  with  the  surfaces  being  heated.  licwever,  heat  from  a 
combustion  heater  or  am  exhaust  heat  exchanger  may  bo  used. 
Sufficient  heat  must  be  provided  to  ensure  "evaporative”  anti¬ 
icing  or  "running-wet"  anti-icing  over  the  area  of  impingement, 
depending  on  the  speec'  at  the  relevant  design  point  (figure  14, 
page  39) .  (In  flight  tests  re-freezing  has  been  encountered  during 
run-back.)  Computaticns  must,  of  course,  allow  for  heat  losses 
in  ducting  and  so  on.  Also,  considerable  care  is  required  in 
ducting  design  to  provide  for  the  very  wide  temperature  range 
bett/een  being  Inoperative  in  a  cold  environment  and  full  operation. 

Cyclic  de-icing  heats  strips  of  tiia  Surface,  approximately 
perpendicular  to  the  airflow,  in  a  sequential  manner  so  as  to 
shed  the  ice  from  front  to  back.  Electric  cyclic  de^i'clng  is  used 
for  propeller  and  rotor  blades.  The  electrical  heaters  usually 
consist  of  heater  ribbons  embedded  in  a  dielectric  over  the  base 
skin,  covered  by  metal  cladding  for  protection.  Electric  heat 
is  convenient  for  relatively  small,  remote  items  such  as  antenna 
mas  ts . 


Anti-Icing  of  T::an3parent  Areas: 

The  windshield  s  to  be  thermally  anti-iced  by  hot  air,  or 
electrical  conductive  coatings  (references  5  and  6) .  Other  mission 
essential  transparent  areas  are  to  be  anti-iced  by  hot  air,  electrical 
conductive  coatings,  liquid  spray  or  extendable  shields  or  deflec¬ 
tors.  The  most  usual  method  uses  external  hot  air  jets  (figure  15, 
page  41),  but  electrical  conductive  coatings  are  also  fairly 
common.  In  the  latter,  the  conductive  layer  is  part  of  the  wind¬ 
shield  lamination.  This  approach  also  assists  with  defogging  of 
the  interior  of  the  windshield. 

Defrosting  and  Defogqingi 

Defrosting  and  defogging  is  required  for  all  mission  essential 
transparent  areas,  including  areas  required  for  taxiing,  evasive 
action,  formation  flying,  scanning  and  sighting  stations,  astro 
(Hornes,  camera  windows,  areas  required  to  check  engine  operation, 
control  surfaces  etc.  Defrosting  and  defogging  may  be  by  hot 
air  jets,  double  panes  with  hot  air  between  panes,  double  pane  with 
dry  air  insulating  gap,  electrically-conductive  coatings,  humidity 
control  of  cabin  air,  or  any  combination  of  these  methods.  Protection 
is  required  during  rapid  descent  after  cold  soak  at  high  altitude  (a 
stressing  case)  and  in  flight  at  constant  altitude. 

Double  panes  with  hot  air  between  are  susceptible  to 
accumulation  of  dust,  dirt  and  oil  and  to  heat  stress  problems 
and  are  rarely  used.  Double  panes  with  dry  air  insulating  gap 
may  be  convenient  for  flat  surfaces,  especially  when  combined 
with  humidity  control  of  cabin  air.  Electrical  heating  also  is 
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good  for  flat  surfaces »  and  can  adcomplish  anti-icing  as  well  as 
defrosting.  However,  the  roost  comopn  approach  an  Air  Force 
aircraft  is  to  use  hot  air  jets  across  the  inside  surfaces, 
provided  from  engine  bleed. air  with  temperature  control  to 
prevent  overheating  of  the 'transparency  and  reduce  crew  discomfort. 

One  commonly  used  system  uses  conditioned  cabin  air  diverted 
from  the  cabin  inlet  duct  (figure  16.  page  43  ) .  The  anti-fog  air 
continuously  passes  through  the  anti-fog  heat  exchanger.  Hot  air. 
taken  from  the  preconditioned  bleed  air,  enters  the  heat  exchan  er. 
transferring  heat  to  the  anti-fog  air.  The  air  is  ducted  to.tho 
base  of  the  windscreen  and  forced  through  small  orifices,  towar  !s 
the  inner  surface  of  the  windscreen. 

Removal  of  Rain.  Insects.  Salt  and  Dust; 

Provisions  are  required  (reference  5)  to  clear  enough  of  the 
pilot  and  co-pilot's  windshield  to  provide  an  adequate  field  of 
vision  in  "heavy"  rain  (0.59  Inches  per  hour.  1500  micrometer  median 
droplet  diameter)  and  in  snow  for 

(a)  Ground  taxi 

(b)  Take-off 

(c)  Landing  approach 

(<])  Landing 

(e)  In-flight  refueling  if  this  is  to  be  accomplished  below 
20,000  feet 

(£)  Level  flight  at  1.6  times  the  stall  speed  at  maximum 

weight  with  flaps  and  gear  retractec  for  fixed  wing  aircraft 

(g)  Maximum  cruise  speed  for  rotary  wing  aircraft  sufficient 
clearance  is  also  requested  to  enable  a  safe  lainding  in 
"excessive"  rain  (1.6  inches  per  hour.  2300  micrometer 
median  dro( let  diameter) 

Removal  of  insects  and  dust  is  required  when  aircraft  missions 
require  low  level  flight  over  land,  removal  of  salt  spray  for  low 
level  flight  over  ocean  or  along  the  coast.  Vertical  landing  and 
take  off  aircraft  require  dust  removal.  Removal  of  dust,  insects 
and  salt  spray  is  accomplished  by  a  Washing  system. 

Methods  used  for  removal  of  rain  and  snryw  include  a  ground  applied 
repellant  which  facilitates  removal  of  intercepted  rain  by  the 
slipstream,  jets  of  preconditioned  bleed  air  and  In-fli^ht  applied 
repellant.  An  effective  approach  used  in  Air  Force  airci^aft  is 
a  combination  of  air  jets  with  in-flight  applied  repellant. 
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OXYGEN  SUPPLY 


Oxygen  supply  may  be  from  a  liquid  oxygen  converter  or  gas 
cylinders.  Passenger  supply  may  be  from  ^emical  oaq^gen  converters 
with  the  approval  of  the  procuring  agency.  Oxygen  ays  teat  uae. 
standard,  tested  components,  wxth  layout  and  connections  adipted 
to  the  particular  aircraft*  ilence  AFFtC  eyaluaticm  is  pciMrily 
directed  at  ensuring  that  the  system  is  well  laid  out,  funetions 
correctly  and  is  easy  to  service  and  maintain. 

A  liquid  oxygen  system  is  automatically  operated  by 
controlling  the  rate  of  evaporation  of  liquid  oxygen  with  pressure 
operating  valves.  Evaporation  of  liquid  oxygen  is  accomplished 
by  adding  heat  to  the  liquid  which  causes  it  to  expand  and 
therefore,  raise  the  pressure.  A  buildup  and  warming  coil  is  - 
incorporated  in  the  system,  which  provides  th 3  necessary  heat  . 
transfer  to  the  liquid.  The  pressure  control  valve  provided  in 
the  converter  controls  the  rate  of  evaporation  during  flow.  A 
relief  valve  is  provided  to  relieve  excess  piressure  caused  from 
repeated  cycling  or  low  demand  on  the  system. 

When  the  system  is  filled  from  the  servicing  trailer,  coupling 
of  the  hose  to  tike  fill,  build-up  and  vent  value  operates  a  plunger 
which  opens  the  valve  to  the  overboard  vent.  Liquid  oxygen  is 
added  until  it  spills  from  the  vent,  (figure  17,  page  45).  In 
the  pressure  buildup  phase  a  heater  in  the  buildup  and 
warming  coil  vaporizes  oxygen  until  approximately  72  psi  is 
reached,  at  which  time  the  pressure  control  valve  prevents  further 
fast  liquid  evaporation. 

Operation  begins  during  the  pressure  buildup  phase  and  continues 
until  .all  liquid  oxygen  has  evaporated.  Liquid  oxygen  is  drawn 
through  the  orifice  flow  modulator  to  a  heat  exchanger,  which  vaporizes 
the  oxygen  and  brings  it  to  a  useable  temperature,  and  on  to  the 
dlluter  demand  Oxygen  regulator. 

The  dlluter  demand  oxygen  regulator  automatically  mixes  air 
and  gaseous  oxygen  at  a  ratio  dependent  upon  cabin  altitude  and 
delivers  this  mixture  at  the  proper  pressure  to  the  crewmember's 
oxygen  mask  upon  demand.  With  the  dlluter  demand  oxygen  regulator 
ON/OFF  valve  lever  set  at  ON  and  the  100  percent  r  NORMAL  selector 
in  the  NORMAL  position,  the  regulator  will  furnish  dlluter  oxygen 
at  altitudes  up  to  30,000  feet.  With  a  tight,  properly  fitting 
oxygen  mask,  the  regulator  can  be  used  at  altitudes  up  to  48,000 
feet  with  the  100  percent  -  NORMAL  selector  in  the  100  percent 
position.  The  regulator  is  capable  of  handling  oxygen  inlet 
pressures  of  50  to  500  psi.  The  oxygon  supply  pressure  gauge 
range  is  from  0  to  SCO  psi.  The  regulator  contains  its  own 
inlet  filter. 
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In  situations  w'\ere  the  oxygon  supply  in  from  a  liquirl 
oxygen  converter,  th>>  rlllutor  demanil  oxygen  regulator  will  furnish 
an  enargency  nondilu  ':ed  supply  of  os^gen  to  the  ora%fmani>er  *  a 
mask.  Dy  placing  the  EMRRGENCY-NORMAL-TEST  salector  to 

nMERGENCY  position,  LOO  paroant  oxygon  oouplod  with  an  inoxoaaw  4» 
pressure  is  autexnati ':ally  supplied  to  the  erewnonber  (100  porOl^ 
oxygon  will  be  furnished  regardless  of  the  position  of  the  iOO 
porcont  >  MORMM.  selector) .  This  omergency  function  of  the  re^slator 
can  be  utilised  in  situations  such  as  loss  of  a  canopy  In-fli^t, 
smoke  in  the  cockpit,  suspected  insufficient  normal  oxygen  supply  or 
explosive  de-oonpresslon. 
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REQUIREHRMTS  AND  PBOBLRfI  ARTAS 


Thtt  GCS  la  «  quj  ta  oeafklax  systom  ehargad  with  a  wida  ranga 
of  support  funetions  au^  aa  aupplylng  praasuriiation  to  fual 
tanks*  air  conditioning  of  oeoiq>l«;d  oonpartnants  and  aqulpaant 
ooapartnants  and  antl*lclng.  Soma  of  thaaa  functions  ara 
straightforward  and  raraly  troublaaoaa  but  othara  such  aa  air 
conditioning  ara  eosq^lax  md  ara  fraquant  aoureas  of  pr^lana* 

Tha  ECS  Is  dsalgnad  to  a  ooablnatlcm  of  ganaral  apaclflcatlons 
and  apaclflcatlons  peculiar  to  tha  Individual  aircraft  typa. 
Raqulramanta  lalatlng  to  human  tolerancas  can  ba  ganarallaad, 
but  those  ralatad  to  support  of  other  sObsys tarns  and  aqulpmsnt 
are*  naturally*  peculiar  to  tha  individual  design.  It  Is  the 
Important  function  of  tha  systems  Integration  engineer  In  the 
design  process  to  define  these  "Interfaces*  between  subsystems. 

For  the  AFFTC  flight  test  engineer  evaluating  an  ECS*  this  means 
that  he  must  familiarise  himself  with  the  contractor  end  Iter, 
specifications . 

Specifications  are  written  primarily  for  use  of  the  supplier 
and  the  contracting  agency.  They  therefore*  contain  a  roa.ss  of 
design  requirements  covering  a  high  degree  of  detail.  The  flight 
test  engineer  evaluating  the  end  product  is  usually  concerned  v/ite 
a  snail  proportion  of  these  requirements.  In  this  Section  we 
will  review  and  summarise  those  requirements  which  appear  to  be 
of  most  concern  to  him  and  also  review  problem  areas  commonly 
encountered  in  each  area.  This  is  a  task  which: 

a.  is  impossible  to  do  in  a  really  adequate  manner  and 

h.  even  if  dono  perfectly*  would  rapidly  become  out  of  date. 

It  is*  therefore*  mo  it  important  that  the  flight  test  engineer  use 
this  Gectlon  only  to  get  the  general  flavor  of  the  environment 
in  which  he  is  workii  g  and  do  his  own  research  on  the  particular 
item  he  is  tasked,  to  evaluate. 

The  gen  al  specification  covering  performance*  design  and 
testing  requirements  is  NIL-B-39453A*  "Environmental  Control* 
Environmental  Protection*  and  Engine  Bleed  Air  Systems*  Aircraft* 
General  Specification  For".  Supplementing  this  are  specifications 
for  oon^onenta  such  sir  cycle  air  conditioning  subsystems* 
sntlolclng  squipment.  defogging  of  transparent  areas*  electronic 
equipment  and  so  on.  These  will  be  referenced  at  appropriate 
places  below. 

Considerable  attention  will  necessarily  be  given  to  tasting 
against  these  specif  c  requirements*  but  evaluation  of  operational 
sultabllltv  T'  it  »;  s  be  kept  In  mind.  The  ECS  should  be 
designed  t  '  minimi  an  wrew  distraction  and  workload.  Similarly* 
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flald  Mrviclng  shottld  btt  fast,  alMpla  and  aa  arror*proof  undar  atraaa' 
aa  la  taaaonably  faaaibla*  Tha  BCS  flight  taat  anginaar  ahould  aaak 
ooamant  txom  flight  erawa  with  oparati«iMiX  aapariaaoa  and  egntiaoualy 
ancouraga  ground  erawa  to  awaluata  tha  aircraft  aa  aa  oppratioikal 
ays  tarn. 

evaluation  of  an  EC8»  in  Mnaral,  invelvaa  a  adbataatial 
contribution  from  tha  Raliability  and  Haintainabili^  and  tha 
Human  Factors  Branchas  of  Airframa  Systama  Divialon.  Tha  flight 
test  anginaar  who  is  taakad  with  avaluating  tha  BCS  as  a  whola 
must  zacogniaa  tha  oooparativa  natura  of  tha  atfort  and  do  his 
part  to  ansura  that  in  this  oooparation  no  araas  ara  miaaad  and 
that  all  availabla  axpartiaa  is  sppliad. 

v?a  will  now  briafly  discuss  raquiramants  and  potantlal 
problams  in  tha  following  araas t 

a.  angina  blaad  air  systam 

b.  prassurlsatr.on  of  occupied  con^artmonts 

c.  equipment  pres suri nation 

d.  supply  of  pres suri sat ion  to  reservoirs,  inflatable 
seals  and  suits 

a*  air  oonditi<ming  of  occupied  compartments 

f.  equipment  conditioning 

g.  anti*»lcing  of  non  transparent  areas 

h.  anti-icing  of  transparent  areas 

i.  defrosting  and  defogging  of  transparent  areas 

j.  removal  of  rain  and  snow  from  transparent  areas 

k.  removal  of  insects,  salt  and  dust  from  transparent  areas 

l.  oxygen  supply 

As  would  be  e^qpected  from  the  length  of  the  above  list,  this 
discussion  is  inevitably  repetitive  and  boring.  It  is  strongly 
roconmsnded  that  the  reader  pass  over  the  detail  somewhat  lightly 
on  his/her  first  reading. 
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iniQIHE  BLEED  AIR  SYSTEM 


this  •ysttn  oonnlsts  of  oil  th«  ducting  und  oon^ononta  th«t 
pu«  high  or  low  pruitaur*  blued  air  from  thu  unginu  ports  or 
other  ooepceeaed  air  eoureea  to  ell  oonponente  requiring  bleed 
elr  et  the  tenpereturee  •  preauurea  and  %feight  floira  required  by 
each  oonqKMMint.  Requirenenta  era  sunnarlsed  in  Tables  AlA  and 
AIR  (pages  91  and  99  )•  Xn  terns  of  perforrmnoe  i^  nest  be  able 
to  supply  all  equipnant  requiring  ainultanaoua  supply.  Design 
requirements  nostly  address  the  prohloms  and  danger  of  having 
duets  carrying  vary  hot.  high  praaaure  blood  air  in  what  can  be 
a  cold  airplane.  For  example,  the  duct  tenporaturo  boforo  start 
up  may  be  as  low  as  -SSdegrees  F.  Particular  points  to  be  checked  aro 

a.  shut  off  VAlve  locations  and  design  (e.g.  normally  open, 
fail  open  at  each  bleed  air  source) 

b.  adequate  protection  of  personnel  from  hot  ducts 

c.  safe  couplings  at  joints  (safety  lathes  are  required 
where  the  b''eed  air  temperature  normally  exceeds 

450  degrees  f) 

The  engine  bleed  air  system  is  not  a  source  of  many  problems 
in  ECS  installations  except  for  cases  of  oil  smoke  and  fumes  in 
the  blood  air.  Altho\igh  the  cause  of  such  emoke  and  fvmes  is  an 
engine  deficiency,  the  result  has  been  serious  ECS  problems  on 
recent  flights  with  .'umes  in  the  oockt.  oil  in  the  water  coalescer 
unit  and  oil  over  electronic  oqulpment. 

PRECSURIIATION  OP  OCIOPIEO  COMPARTnEWTS 

Host  requlromen  :s  for  presaurisation  are  contained  in  H1L*E- 
38435A.  which  covers  environmental  control  systems  as  a  whole. 
Additional  requirements  relating  to  air  cycle  air  condltimiing 
systems,  primarily  to  design,  are  contained  in  MXli^A*83116A. 

Performance  and  Functional  Regulrenentsi 

Those  performance  and  functional  requirements  whii^  a{q>ear 
to  relate  most  clearly  to  kPFTC  teat  and  evaluation  are  summarised 
in  Table  A2A  (page  93  )•  Briefly,  these  cover  the  followingt 

1.  Altitude  is  to  be  selectable  between  '*1000  and  -t- 10. 000 
feet  for  cargo  and  personnel  transports*  navigation 
trainers  ani  aarly  warning  aircraft  but  with  a  limit  on 
differential  pressure.  For  other  types,  altitude  oontrol 
is  to  be  sutomstic  witti  9000  feet  suixim«im  altitude*  with 
with  poasible  limit  of  5  psi  differential  pressure. 

2.  Accuracy  is  to  bs  within  0.4  inChss  Ug  of  nominal  when 
ths  oompartiisnt  is  pressurised,  niere  are  limits,  on 
overshoot*  /luctustions  and  transients  when  engine 
settings  arc  changed. 
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.  Rat«  of  ChAAge  is  to  be  selectsbls  for  cargo  ate.  typos. 
Limits  aro  atatod  for  othors. 

4.  Rmooss  difforontial  prassuro  is  to  ba  pravantad  by  saiaty 
valvas . 

5.  Opanii^r  of  doors,  hatohaa  ate  smst  ba  safa. 

6.  Normal  and  amargancy  ralaasa  prooaduras  ara  to  ba 
pro  vi  dad. 

7.  Aval  labia  floa  must  ba  adaquata  to  ovarcomo  alloaabla 
unGontrolla<i  leaks,  maintain  schedule  and  provide  raquirad 
ventilation  rate. 

8.  Emergency  enclosed  systems  shall  hava  a  separate 
prassurisat .on  source  for  use  during  the  escape  sequence. 

Desirin  aaquiromantst 

The  design  requirements  which  appear  to  relate  most  closely  to 
AFFTC  test  and  evaluation  are  summarized  in  Table  A2B  (page  95). 
These  cover  the  following t 

Pressurization  Source. 


Compartment  air  conditioning  air  is  preferred,  but  taiiq>eratuza 
controlled  bleed  air  Is  the  next  dioice. 

Multiple  Sources  and  Single  Failures. 

At  leasT  two  pressurization  sources  are  to  be  provided  an 
multioenglned  aircra  ^t,  eacdi  capable  of  providing  the  required 
pressurization.  Mo  iiingle  failure  is  to  result  in  the  occupied 
oempartmant  pressure  altitude  exceeding  14,000  ft. 

Check  Valves • 


Check  valves  are  to  ba  provided  to  prevent  rapid  loss  of 
pressure  in  case  of  air  source  failure. 

Regulator:?.  Safety  Valvas  and  Blow-out  Panels. 

At  least  one  regulator  is  required  in  ea^  separately  controllable 
oorq>artment.  Safa^  valvas  ara  to  protect  against  axcasslva  positive 
or  negative  differential  pressures.  Blowout  panels  or  adaquata  flow 
areas  must  be  provided  between  oosqpartmants.  Discharge  ports  must 
not  be  subject  to  adverse  weather.  No  single  failure  shall  result 
in  failure  of  both  pressure  regulator  and  safety  valve. 
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In«tgua>nf  md  Controla. 

Caution  Indieatora  aro  to  ba  provided  to  ahow  loaa  of  ooapartinant 
praaauro.  Craw  atation  controls  are  to  ba  provided  for  prasaura 
ralaaaa.  Craw  station  controls  to  oontrol  and  inatruoantation  to 
maaaura  cabin  praasura  and  rata  of  aaoant  or  daaeant  are  required  for 
cargo  and  personnel  transports,  navigational  trainers  and  early 
warning  aircraft. 

Discussion I 

As  will  ba  seen,  the  requiramenta  on  tha  prasaurisation 
systaa  are  rather  sinpla  and  straightforward.  A  potential  problem 
area  in  high  parfomanoe  aircraft  is  axcass.^va  sensitivity  to 
changes  in  engine  setting  (for  axanpla,  changas  in  cockpit  altitude 
of  5000  to  10,000  faot  with  change  of  angina  power  settings 
experienced  on  a  fighter  aircraft) .  Limitation  of  the  effects  of 
single  failure  and  clear,  effective  controls  are  both  very  important. 
These  are  primarily  :he  domains  of  Reliability  and  Maintainability 
and  Human  Factors  pei'sonnel,  but  the  ECS  flight  test  engineer 
should  take  an  activo  interest  in  these  areas  from  the  functional 
aspect  and  encourage  attention  to  them  by  flight  and  maintenance 
personnel. 

SUPPLY  OF  PRESSURE  TO  EQUIPMBMT.  RESERVOIRS.  INFLATABLE  SEALS.  SUITS 

These  are  briefly  sximmarised,  from  the  point  of  view  of 
evaluation  flight  test,  in  Tables  A3  and  A4  (pages  97  And  98).  in 
general  the  environmi«ntal  needs  of  equipment  vary  widely  and  cannot  be 
standardised  in  the  %/ay  that  those  for  the  human  body  must  be. 

Hence  the  general  rer;uirements  largely  refer  their  reader  to 
equipment  specifications  or  the  general  aircraft  specifications. 

In  these  areas  it  is  the  very  important  design  task  of  tlie 
aircraft  systems  engineer  (not  always  well  executed)  to  define 
the  "interfaces"  between  the  environmental  control  subsystem  and 
the  units  it  serves.  Correspondingly,  the  AFFTC  evaluation 
test  engineer  should  make  himself  familiar  with  the  end  item 
speeiflcatl<ms  and  oi>erational  requirements  which  the  particular 
ECS  is  supposed  to  SK-et.  He  should  get  the  operational  requirements 
from  AFTEc  or  from  the  using  Command. 

General  requirements  Include  the  following 1 

1.  Idien  two  or  more  units  are  pressurised  by  the  same  source, 
loss  of  pressurlsation  by  one  shall  not  cause  loss  of 
pressurisation  to  others. 

2.  Automatic  regulation  is  required  to  ensure  pressures 
compatible  with  pressurised  units/the  most  critical 
unit  in  pressurised  compartments. 


51 


5 


3.  protection  by  safety  valves  Is  required  against  excessive 
positive  or  negative  differential  pressures. 

4.  Pail-safe  seans  shall  be  provided  to  prevent  entrance 

of  hasardous  fuMS  into  environmental  oontrol,  environwsntal 
protection  or  engine  bleed  air  systems. 

5.  Anti-g  suit  air  is  to  be  between  SO  degrees  P  and  130 
degrees  P,  pressure  suit  air  supply  between  55  degrees  and 
90  degrees  n*. 

6.  If  a  single  failure  can  create  the  possibility  of  excessive 
fuel  tank  air  temperatures*  means  shall  be  provided  of 
indicating  excessive  temperatures  to  the  crew. 

In  addition  to  these  general  requirements  some  systems  have 
limitation  on  dust  and  other  contaminants  to  reduce  Internal 
deposits. 

Analysis  of  the  potential  effects  of  single  failure  is 
primarily  the  responsibility  of  the  Realiability  and  Maintainability 
Branch  of  Airframe  S/stems  Division  and  of  the  Unit  Systems  Safety 
Officer  (TJSSO)  but  tie  ECS  test  engineer  should  take  an  active  interest 
in  this  area  and  will  be  requested  to  support  the  USSO.  In  particular* 
he  should  ensure  the:  any  instances  of  single  failure  are  reported 
and  analyzed. 

The  contractor  I'ailure  Modes  and  Effects  Analysis  will  provide  a 
valuable  review  of  potential  failure  modes  and  their  inqpact  and  will 
greatly  assist  in  identification  of  tests  which  should  be  made  of 
F.rs  operation  with  p<(rtlal  failure* 

AIR  CONDITIONING  OF  OCCUPIED  COMPARTMENTS 

This  is  a  complox  and  demanding  function  and  is  understand- 
ably  a  major  source  of  problems  and  deficienes  in  ECS  evaluations* 
Performance  and  functional  requirements  are  suunarised  in  Table  ASA 
(page  100)  and  design  requirements  in  Table  A5B  (page  102)  (with  some 
overlapping) , 

Perfromance  and  Functional  ReguirementB t 

The  requirements  from  Table  ASA  may  be  further  summarised 
as  follows! 

1.  Ventilation  rates  are  to  be  at  least  20  cubic  feet  per  minute 
(cfm)  per  man  for  all  operating  conditions  and  at  least  1.8 
tiroes  the  maximum  allowable  production  leakage  rate  for  all 
pressurised  operations.  Air  velocities  near  seated  personnel 
are  not  be  exceed  300  feet  per  minute  (fpm). 
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2.  Radiating  axirfaeas  ara  not  to  oxcaad  iOS  degreaa  P  naar 
soatad  paracmnal  during  praaaurlaad  flight »  140  dagraas  P 
for  all  othar  loeationa  and  conditions. 

3.  Mr  suppliad  to  tha  occupied  oon^rtmants  is  to  ba  fraa  of 
axoasaiva  moistura. 

4.  Mr  suppliad  to  the  occupied  eoRg>artinants  is  to  ba  frae  of 
axoasaiva  oontamination. 

5.  The  automatic  tamparature  control  is  to  maintain  the  average 
oo«g>artmant  air  tamparature  to  within  dagraas  P  of 
salactad  aattings.  Tamparatura  variatTons  batwean  any  two 
points  in  a  saating  anvalopa  should  not  deviate  more  than 

<*‘5  degrees  P  from  tha  average  cabin  tamparature.  Temperature 
differences  outside  tha  envelope  are  not  allowed  to  vary 
more  than  ^10  degrees  P  average  cabin  temperature. 

6.  Floor  temperatures  are  to  be  maintained  above  60  degrees 
F  average,  with  no  location  less  than  40  degrees  F. 

7.  Average  cabin  temperatures  are  to  be  maintained  between 

45  degrees  F  and  90  degrees  F  for  unpressurised  flight  and 
between  70  degrees  F  and  90  degrees  F  during  flights  with 
an  inoperative  air  conditioning  module. 

8.  The  cooling  equipment  is  to  have  sufficient  capacity  to 
maintain  average  conpartment  temperature  at  70  degrees  F 
except  that  it  may  be  80  degrees  F  for  transients  lasting 
less  than  30  minutes. 


9.  Heating  equipment  is  to  be  capable  of  maintaining  an 
average  oonpartment  temperature  of  80  degrees  F. 


Design  Requirements t 


These  are  quite  largely  maintainability  and  servicing 
requirements  (Table  ASB,  page  102) .  In  addition  to  those  referred 
to  in  Table  ASR  there  is  a  host  of  requirements  on  choice  of 
materials  and  so  on  which  concern  the  contractor  and  the  procurement 
agency  rather  than  tie  AFFTC  engineer,  who  is  evaluating  the 
end  product.  If,  however,  a  problem  is  encountered  such  as 
corrosion  or  freesinr  of  valves  and  controls  he  should  review 
M1L-E-384S3A  (refererce  5)  and  MIL-A-83116A  (reference  7)  to  find 
out  exactly  what  requirements  the  system  is  failing  to  meet. 


Discussic 


t 


The  following  are  representative  examples  of  air  conditioning 
system  deficiencies,  taken  from  fairly  recent  tests  on  a  large 
surveillance  aircraft  and  on  a  high  performance  fighter. 
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On  the  surveill'^nce  aircraft  the  following  were  the  primary 
problems: 

1.  Excessive  ccndensation  in  cabin  under  humid  conditions 

2.  Uneven  distribution  of  conditioned  air  (nozzles  re¬ 
designed) 

3.  Excessive  vertical  temperature  gradients  in  cabin  on 
cold  days;  cold  floors. 

4.  Slow  stabilization  of  cabin  temperatures  on  ground 
after  cold  soak. 

On  the  fighter  aircraft  the  primary  problems  were  as  follows: 

1.  Pilot  had  het  head  and  cold  feet  at  high  altitudes. 

2.  Smoke  euid  fumes  in  cockpit,  from  engine  oil  leak  into 
bleed  air. 

3.  Water  droplets  sprayed  over  pilot  under  humid  conditions. 

It  will  be  seen  that  these  deficiencies  are  rather  straightforward 
in  nature  and  readily  detected  either  in  normal  operation  or  in 
tests  in  air  with  high  water  content  and/or  at  extreme  temperatures. 
Inadequate  water  separation  and  poor  temperature  distribution  are 
the  primary,  recurrent  performance  problems.  Another  quite  frequent 
problem  is  that  of  excessive  noise  from  the  air  cycle  machine  and  in 
the  ducts . 

Evaluation  of  the  air  conditioning  system  against  design 
requirements  involves  the  expertise  of  Human  Factors  and 
Reliability  and  Maintainedsility  Branches  and  should  be  a  cooper¬ 
ative  effort. 

EQUIPMENT  CONDITIONING 

Equipment  conditioning  requirements  are  summarized  in 
Tables  A6A  (Performance  and  Functional  Requirements,  page  104)  and 
A6B  (Design  Requirements,  page  107).  Equipment  cooling  needs  cover 
a  very  wide  range,  from  those  which  can  be  met  by  free  air  convec¬ 
tion  to  those  which  require  forced  convection  liquid  cooling. 

Performance  and  Functional  Requirements: 

If  the  equipment  is  to  use  free  convection  air  cooling  it 
must  conform  to  general  standards  defined  in  MIL-E-5400T  (reference 
8).  These  are  grouped  into  the  following  classes.  Class  1  being 
assumed  unless  one  of  the  others  is  specified.  More  detail  of  the 
requirements  for  each  of  these  classes  is  given  in  Table  A6C  (page 
108)  and  Figure  18  (page  55). 
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dess  1  *•  Equipment  designed  for  50,000  ft  altitude  and 

continuous  sea  level  operation  over  the  temperature  range 

of  -54  to  ■f55  degrees  C  (-t*?!  degrees  for  Intermittent  operation) , 


Class  lA  -  Equipment  designed  for  30,000  ft  altitude  and 
continuous  sea  level  operation  over  the  ten^erature  range  df 
-54  to  >55  degrees  C  (>71  degrees  intermittent  operation) . 

Class  IB  -  Equipment  designed  for  15,000  ft  altitude 
and  continuous  sea  level  operation  over  the  temperature 
range  of  -40  to  >55  degrees  C  (>71  degrees  intermittent 
operation) . 

Class  2  -  Equipment  designed  for  70,000  ft  altitude 
and  continuous  sea  level  operation  over  the  temperature 
range  of  -54  to  >71  degrees  C  (>95  degrees  intermittent 
operation) * 

Class  3  -  Equipment  designed  for  100,000  ft  altitude  and 
continuous  sea  level  operation  over  the  temperature  range 
of  -54  to  +95  degrees  C  (+125  degrees  irtermittent  operation). 

Class  4  -  Equipment  designed  for  100, OOC  ft  altitude  <md 
continuous  sea  level  operation  over  the  temperature  range 
of  -54  to  +125  degrees  C  (+150  degrees  intermittent  operation) . 

Class  5  -  Equipment  designed  for  altitudes  greater  than 
100,000  ft  for  periods  of  time  not  exceeding  6  hours,  and 
continuous  sea  level  operation  over  the  temperature  range 
of  -54  to  +95  degrees  C  (+125  degrees  intermittent  operation) . 

These  standards  correspondingly  define  the  performance  required 
of  the  equipment  air  conditioning  system.  More  detail  is  given 
in  Table  A6C  and  Figure  18. 

For  the  other  t:'pes  of  cooling  (internally  forced  air,  cold 
plate  forced  convection  air  and  forced  convection  liquid)  the 
equipment  air  condlt.oning  system  must  provide  cooling  fluid 
temperature  and  weigl  t  flow  called  for  in  each  equipment 
specification.  (lencr  the  ECS  flight  test  engineer  needs  to  have 
data  from  these  specifications  available. 

Design  Reguiremonts i 

Relevant  design  requirements  are  reviewed  in  Table  A6B 
(page  107) .  It  will  be  seen  that  these  are.  somewhat  general 
in  nature.  There  are,  of  course,  a  large  number  of  detail  design 
requirements  on,  for  example,  air  cycle  air  conditioners  sup¬ 
plying  the  conditlonud  air  used  to  cool  the  equipment,  but 
these  primarily  relate  to  detailed  design  and  will  not  normally 
concern  the  ECS  flight  test  engineer. 

Discussion  I 


Equipment  cooling  requirements  can  be  quite  complex  and 
demanding.  As  a  result  they  are  a  frequent  source  of  deficiencies. 
Some  of  these  can  ret.ult  from  inadequate  or  outdated  Interface 


definitions  by  the  prime  contractor.  The  AFFTC  engineer  conducting 
ECS  evaluations  should  have  available  the  end  item  speeifioation 
to  which  the  ECS  is  designed  and  also,  if  possible,  the  equipment 
specifications  for  items  not  using  free  convection  cooling. 

Much  of  the  equipment  is  critical  to  a  successful  mission  and 
some  may  be  Inqoortant  for  safe  recovery.  It  is,  therefore,  very 
Important  in  testing  arid  evaluation  of  equipment  cooling  to 
consider  the  operational  profile  of  the  weapon  system  as  well  as 
the  legal  requirements  of  the  specifications.  For  exanqple, 
if  Important  conoDuni cations  equipment  cannot  be  used  during  taxi 
and  take-off  this  may  seriously  degrade  operations  regardless 
of  ^at  the  specifications  may  say.  Such  restrictions  should  be 
identified  and  their  impact  on  operational  effectiveness  evaluated. 

ANTI -ICING  OF  NON-TRANSPARENT  AREAS 

Performance  and  functional  requirements  are  reviewed  in 
Table  A7A  (page  109)  and  design  requirements  in  Table  A7B  (page  111). 

In  general  de-icing  of  flight  surfaces  is  only  required  on  aircraft 
which  have  to  fly  both  low  and  slowly.  As  a  result,  full  de-icing 
of  flight  surfaces  is  very  rarely  called  for  on  Air  Force  aircraft. 

It  is  perhaps  significant  that  the  requirements  date  from  1954  and 
from  1971. 

If  such  a  cap^d^ility  were  called  for,  MIL-A-9482  (reference  9} 
paragraph  4.2  requires  that  the  contractor  conduct  tests  in  dry  air 
"unless  otherwise  specified  by  the  procuring  activity  to  demonstrate 
control  system  operation,  ten^erature  indication  operation,  operation 
of  overheat  \faming  emd  cont:|X>l,  freedom  from  overheating  and  detri¬ 
mental  effects  of  thermal  expansion.  In  addition,  a  complete  thermal 
survey  is  to  be  conducted  to  determine  the  heat  available".  See 
Table  A7C  (page  112)  for  details.  In  addition  MIL-E-384S3A,  of  a 
later  date,  calls  for  demonstration  in  "natural  or  simulated  (arti¬ 
ficial)  icing  conditions".  This  could  perhaps  be  an  icing  wind  tunnel. 

AFFTC  is  actively  improving  its  capability  for  icing  test  at  this 
time  and  has  an  NKC-135  tanker  modified  to  simulate  icing  conditions 
by  providing  artificial  rain  for  icing  tests  at  high  speeds  and  a 
C-130  palletised  Airborne  Hater  Spray  System  for  artificial  rain  and 
icing  tests  at  lower  speeds.  Both  of  these  systems  can  produce 
icing  conditions  ober  limited  areas  of  the  test  aircraft  such  as 
radomes,  windshields,  engine  air  inlets  (legally  an  engine  test 
problem!)  or  ram  air  Inlets  to  the  air  conditioning  system.  Thus 
we  do  have  a  capability  for  flight  test  if  the  individual  case 
requires  it. 

ENVIRDNIIEHTAL  PROTECTION  OP  TRANSPARENT  AREAS 

Requirements  for  environmental  protection  of  transparent  areas 
have  been  summarised  as  follows! 
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Anti  icing  Tables  A8A  (performance)  and  A8B  (design) 

Defrost/defog  Table  A$A  (performance)  and  9B  (design) 

(Internal  surfaces) 

Rain  and  snow  Table  AlO 

Insects »  salt,  dust  Table  All 

There  is»  as  one  would  expect,  a  great  deal  of  commonality  in  the 
requirements  in  the  areas  to  be  protected  and  the  design  flight 
conditions.  However,  minor  differences  in  these  and  differences 
in  acceptable  methods  of  protection  ma)ce  it  desirable  to  tabulate 
each  case  separately.  A  comparative  summary  is  shown  in  T2d>le  A12 
(page  120 ) . 

In  general,  all  "mission  essential"  transparent  areas  are 
to  be  protected  (except  for  the  "excessive  rain"  case) •  Defrost/ 
defog  and  protection  against  rain  and  snow  are  specifically 
required  in  ground  operations.  Salt  and  Insect  protection  are 
only  called  for  when  the  mission  calls  for  low  level  operation. 

The  protection  mechanisms  vary  with  the  function  amd  between 
aircraft  but  are  commonly  external  hot  air  jnt  (anti-ice,  rain, 
snow)  internal  hot  air  (defrost/ defog)  and  washing  (dust,  salt, 
insects).  Tests  of  anti-icing  and  rain  removal  can  be  performed 
using  the  AFFTC  water  spray  tanlcers.  Defrost  and  defog  testing 
does  not  require  external  equipment  and  can  be  evaluated  by 
rapid  descent  after  cold  soak  and  on  climbs  out  of  atmosphere 
with  high  water  content  or  descents  into  humid  cqnditions.  Finding 
suitable  conditions  for  these  tests  can  be. a  problem  unless  the 
aircraft  is  deployed  to  a  suitable  test  site.  Not  many  Air  Force 
aircraft  have  windshield  washing  equipment  but  if  it  is  provided 
it  should  be  evaluated. 

Problem  areas  encountered  are  usually  as  follows: 

a.  area  cleared  of  ice  and  rain  inadequate  -  especially  on 
fighter  class  aircraft  with  large  areas  requiring  clearance 

b.  inadequate  defogging  and  de-icing 

c.  high  cockpit  temperatures  during  defogging  or  de-icing. 
OXYGEN  SUPPLY 

Oxygen  may  be  supplied  from  a  liquid  oxygen  converter 
(MIL-D-19326F)  or  gas  cylinders  (MIL-D-8683B) .  Passenger  supply 
may  be  from  chemical  oxygen  generators  with  the  approval  of  the 
procuring  agency.  Crow  supply  is  by  demand  regulators  while 
passenger  supply  is  to  use  an  automatic,  co’^tinuous  flow  regulator 
system.  "Therapeutic"  oxygen  supply  may  be  required  in  some 
aircraft  (medical  typ'i) . 
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Oxygen  systems  use  standard  tested  ooaponents  (converters, 
gas  cylinders,  regulators,  masks  and  so  on).  As  a  result, 
evaluation  of  the  system  Is  limited  to  rlde-along  functional 
checks  and  evaluation  of  maintainability  and  servloeablllty  and 
of  the  location  of  controls  and  Indicators.  Evaluation  of  the 
oxygen  systema  Is  primarily  the  responsibility  of  the  Human 
Factors  engineer.  Paragraph  3.7.4  of  MIIi-l>-8683B  , reference  10, 

(^Ich  Is  aimed  primarily  at  the  contractor)  statesi 

”3.7,4  Plight  test.  When  specified,  flight  tests  on  the  oxygen 
systems  shall  be  conducted  to  determine  the  proper  functioning  of 
all  the  oxygon  equipment  In  the  aircraft  by  actual  crew  use  and/or 
functional  measurements.  In  addition,  a  determination  may  be  made 
of  the  suitability  of  the  arrangement  of  the  items  from  the  standpoint 
of  accessibility  and  convenience  to  all  crew  members  during 
their  flight  duties”. 

Requirements  of  concern  In  flight  test  evaluation  are 
summarized  in  Table  A13  (page  121).  iq^proprlate  flight  tests  are 
discussed  In  the  next  section  (Plight  Test  Planning) . 


PIjamiNQ  OP  FLIGHT  TESTS 


This  Ssctlon  addrMMS  planning  of  th*  content  of  ECS  fli^t 
test  program  (ineluding  ground  toata) .  Tho  * admihta trativo  pg0oo4uraa 
required  to  exocuto  thaaa  plana  are  ooimon  to  all  AFPTG  fll^t 
testa  and  will  change  from  tine  to  time.  The  engineer  should  he 
familiar  with  APPTC  Regulation  tO-ll  (Teat  Plany  and  NfFTC  RegO*  ’  Mon 
80-13  (Test  Plan  Technical  Review)  and  related  documents.  Pro'  .dures 
for  all-weather  tea ting »  an  important  part  of  ECS  testing,  are 
reviewed  in  reference  13.  An  example  of  a  Test  Information  Sheet  (TlS) 
for  an  ECS  evaluation  is  given  in  Appendix  D. 

UACKGBOUND  OF  TEST  PROGRAM 

The  function  of  the  ECS  is  to  enable  operation  of  the 
aircraft  over  the  full  range  of  operational  environments  it  will 
encounter^  on  the  ground  and  in  the  air  (cold,  heat,  high  absolute 
humidity,  heavy  rain,  icing  and  so  on) .  Although  there  are  a 
number  of  CCS-peculiir  tests,  much  of  the  data  will  be  gathered  on 
a  ride  along  basis  or,  for  example,  durlnq  all-weather  testing  of 
the  total  system,  E'!S  test  requirements  will,  thereto}.©,  be  integrated 
into  a  total  flight  test  program  designed  to  evaluate  the  weapon 
system  as  a  whole. 

ECS  tests  will  usually  be  conducted  in  the  context  of 
Combined  Test  Force  (CTF)  operations  and  will  consist  of  a 
coordinated,  combined  program.  This  program  should  be  designed 
to  meet  the  needs  of  all  interested  parties  -  primarily  the 
contractor,  Systems  i.’roqraro  Office  (SPO)  and  the  AFFTC,  The  AFFTC 
flight  test  engineer  conducts  tests  or  participates  in  test  conduct  as 
necessary  to  ensure  that  APPTC  responsibilities  arc  met.  As  tho 
flight  program  and  development  of  the  test  aircraft  progresses  the 
relative  roles  and  responsibilities  of  the  member  of  the  test  team 
will  change.  Initially,  emphasis  is  on  development  testing.  At 
this  time  the  contractor  has  a  lead  role  while  the  AFFTC  engineer 
participates  and  conducts  his  own  analysis  and  evaluations.  Later, 
emphasis  shifts  to  test  and  evaluation,  with  increased  participation 
by  AFTEC  and  using  commands.  The  AFFTC  engineer  then  assumes  a  lead 
role.  Even  though  much  of  the  work  may  be  performed  by  the  contractors 
team,  he  must  initiate  and  conduct  tests  as  necessary  and  oversee 
analysis  and  evaluation  of  results.  This  engineer  should  also  establish 
good  communications  with  flight  and  ground  crews  and  ensure  alertness 
to  all  ECS  incidents  relevant  to  evaluation. 

The  flight  test  engineer  must  become  thoroughly  familiar  with 
the  system  both  as  described  in  Flight  and  Maintenance  Manuals  and 
as  it  exists  in  hardv/are  form.  These  versions  may  differ  significantly 
in  the  development  pl.ase  of  a  new  aircrqft  (and  sometimes  in  later 
phases) .  Simulation  of  the  air  conditlohing/pressurizatlon  elements 
of  the  ECS,  using  a  program  such  as  'E7VSY',  is  a  very  effective  way  of 
ensuring  familiarity  with  this,  the  most  complex  and  potentially 
troublesome  part  of  the  ECS  (reference  12) . 
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Car«ful  raoord  Heaping  is  Important,  The  engineer  should 
rosHe  end  adhere  to  specific  plans  to  maintain  detailed,  accessible 
and  complete  test  records  for  his  own  protection  and  for  the 
benefit  of  his  successor  in  case  he  does  not  complete  the  program 
and  for  use  on  future  programs. 

Information  sources  to  be  reviewed,  and  referenced  in  Test 
Information  Sheets  and  reports,  include  the  following t 

Tost  Aircraft  Plight  Manual  ("dash  1"),  and/or  Crew 

Checklists 

Aircraft  Contract  End  Items  Specifications 

Military  Specifications  pertaining  to  the  individual 
system  or  test  (of  appiropriate  dates) 

Organisation  Maintenance  Manuals  ("dash  2") 

Field  Maintenance  flanuals 

Contractor  System  Operation  and  Service  Manuals 

Related  AFFTC  Reports 

Formally  puolished  Contractor  Test  Plans 

Formally  published  Contractor  Test  Reports 

Program  off;.ce  requests  (letters,  Tl^X's,  etc.) 

Related  test  plans  includes  those  of  other  participating 
comrands 

Hazard  Analysis  Safety  Reviews  (AFFTC  Form  28)  for  rimilar 
test  programs 

CHARACTER  OF  ECS  TESTS 

The  objective  of  an  ECS  test  program  is  to  ensure  that  the 
PCS  adequately  and  effectively  supports  operation  of  the  aircraft 
over  the  full  range  of  flight  and  weather  environments  called 
for  by  its  mission.  Typically  tests  will  Include: 

1.  routine  operations  over  the  flight  regimes  called 
for  by  the  mission,  including  operation  with  partial  failure 

2.  normal  ground  servicing 

3.  stressing  flight  profiles 

4.  all-weather  tests 
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Tho  ECS  provider  ft  quito  wide  range  of  functions t  ranging 
from  tank  pressurlsatlon  to  air  conditioning.  Many  of  these 
functions  are  stressed  hy  the  same  flight  profiles.  Also, 
if  instrumentation  pornits,  useful  evaluations  of  functioning 
of  many  coiig>onent8  can  be  acquired  during  ride-along  observations 
with  other  tests.  This  is  particularly  true,  for  example, 
of  oxygen  systems  and  anti-g  suits.  Table  2  (page  63}  gives  a 
fairly  comprehensive  list  of  test  conditions  and  shows  which 
components  are  stressed  by  them.  This  table  Illustrates  the  need 
for  an  integrated  test  program.  A  frequent  source  of  problems  is 
incompatability  of  the  aircraft  with  the  support  equipment.  This 
must  he  evaluated  by  performing  normal  checkout,  post-flight  and 
maintenance  using  the  equipment  called  for  in  the  Technical  Orders. 

All  ’leather  Testingt 

Procedures  for  these  tests  are  described  in  Ueference  13. 

These  programs  normally  include  tests  in  tlic  McKinley  Climatic 
Laboratory  at  Eglin  AFB  and  field  test  at  sites  such  as  Alaska 
(winter) ,  Hi  Centro  NAS  (desert  summer)  and  In  the  Canal 
Zone  (tropical) .  VJeather  requirements  are  given  in  I1IL-3TD-210B. 
(reference  14)  Essentially  full  operational  capability  is  required 
under  extreme  operational  conditions,  althoufh  some  special  proced¬ 
ures  may  bo  acceptable  for  an  otherwise  sati  -.factory  system. 

All  weather  tests  of  the  ECS  will  be  integrated  by  the  all  weather 
test  enaineer  into  a  combined  program  testing  the  whole  weapon 
system,  using  tlie  Test  Information  Sheet  (TIS)  prepared  by  the  ECS 
test  engineer.  This  program  will  be  subject  to  tight  schedule 
constraints  imposed  by  weather  windows  (Figure  19,  page  64)  and  by 
availability  of  the  Climatic  Laboratory.  Usually  the  ECS  tost 
engineer  will  accompany  the  test  team  during  these  deployments, 
nccauso  of  the  schedule  constraints  it  is  necessary  to  obtain  the 
maximum  amount  of  data  in  the  shortest  possible  time.  This  requires 
a  significant  amount  of  preplanning,  a  viable  instrumentation 
system,  including  a  quickloolt  playback  system  at  the  test  site, 
and  adequate  manning. 

The  full  range  of  ECS  tests  is  not  repeated,  but  normal 
operational  profiles  and  maintenance  must  be  demonstrated  in 
the  extreme  weather  conditions.  Emphasis  will  be  given  to  the 
more  stressing  profiles  and  also  to  any  components  of  the  ECS 
suspected  to  have  marginal  performance.  Examples  of  stressing 
profiles  are  given  below  for  each  part  of  the  ECS.  Compatability 
will  support  equipment  should  be  given  carefu^  attention. 

TEST  REQUIREf'ENTS  FOR  ECS  COMPONENTS 

Bleed  Air  Systemt 
Test  Oblectives. 

The  test  objectives  ore  to  determine  if  the  bleed  air  system 
meets  the  requirements  s"inmarlzed  in  Tables  AlA  and  AID  (pages  91 
and  92).  The  primary  requirements  which  influence  flight  test 
planning  are: 
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If  the  «ir  CMtfitlMilAg  MM  Mpcrct*  inlets. 


1.  th«  ■yst«ii  ahall  ptovlda  air  tp  alX  ponpoointa 
raqulrlnq  bl««d  air  at  tha  apaelflad  praaaurast  tenparaturaa 
and  mass  floaa 

2.  tha  syatam  shall  ba  abla  to  stapply  tha  naoasaary 

quantltiaa  to  all  aqutpaant  raqulring  oparation  slmaltanaously 

Taat  Condi tiona  and  Procaduraa. 

Tha  prassurast  taii|>araturaa  and  aaaa  flows  to  tha  consonants 
using  blaad  air  will  ba  aonitorad  for  all  adssion  profilas.  In 
particular,  it  will  ba  avaluatad  during  tha  following  (Tabla  2, 
paga  63) . 

1.  long  ranga  cruisa  at  high  equipment  cooling  load 
(low  engine  powers) 

2.  fast  descant  at  idle  rpm  (prassurisatlon  of  compart¬ 
ments  and  reservoirs) 

3.  throttle  transients  (possible  flunctuation  in  pressure) 
Data  and  support  Beguirements . 

The  following  data  are  required t 

1.  Flight  conditions 

2.  !]nglne  settings 

3.  Pressures,  temperatures  and  mass  flows  at  each  component 

4.  Pressure,  temperature  and  mass  flow  from  each  englne/APU 
Pressurization  of  Occwied  Compartments  t 

Test  Objectives. 

The  test  objectives  are  to  determine  whether  the  system 
meets  the  requirements  summarized  in  Tables  A2A  and  A2B  (pages 
93  and  95).  The  main  requirements  which  impact  flight  test 
planning  are: 

1.  Maintenance  of  pressure  altitude  schedule  in  climbs, 
descents,  etc. 

2.  Response  to  changes  in  setting  (manual  controls) 

3.  Freedom  from  contamination 

4.  Proper  functioning  of  normal  and  emergency  pressure 
release  systems 


65 


S.  Plow  aufficlont  to  mot  vwntilatlon  roquiroownts  and  in 
relation  to  uncontrolled  In-eervico  air  leaks 

Test  Conditions  and  Prooeduree. 

Flow  rates  and  con^artment  pressures  will  be  observed  d^lng 
the  flight  profiles  shown  in  Table  2  (page  63  ) .  Specific  tests 
will  include  observations  oft 

1.  tlalntenance  of  pressure  altitude  schedules 

2.  Response  to  changes  in  setting  (wt^n  ai^ropriate) 

3.  Leak  rate  (with  pressurisation  off)  during  high  altitude 
cruise  (Appendix  D) 

4.  Contamination  measurement 

5.  On  multi-engined  aircraft,  operation  with  one  bleed 
air  source  off 

6.  Exercise  of  normal  and  emergency  pressure  dump 

7.  Throttle  transients 

Data  and  Support  Requirements. 

1.  Time  histories  will  be  required  as  appropriate  of 

a.  flight  conditions 

b.  engine  settings 

c.  pressures  in  occupied  compartments 

d.  pressurization  air  flows 

2.  Contamination  measurements  will  be  required 

3.  Computerised  data  reduction  will  be  required 
Pressurization  of  Equipment  Compartments; 

Teat  Objectives* 

The  test  objectives  are  to  evaluate: 

1.  whether  the  equipment  pressurization  meets  specified 
requirements  and 

2.  over  and  above  (1) ,  whether  the  equipment  pressuriza¬ 
tion  system  satisfactorily  supports  the  mission. 


-  * 
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Gensral  roquireinents  are  aumioarlset'  in  Tabla  A3  (paga  97).  Uatails 
of  tlie  requlramenta  ara,  hawavar,  peculiar  to  the  aircraft  oyatam 
under  teat  and  muat  ba  derived  from  the  aircraft  and  item  apacifi- 
cations  and  the  appropriate  equipment  apaci float Iona,  which  the 
Bds  flight  teat  engineer  must  review.  Compartment  preaauroa  of 
compartments  which  are  aeparate  from  occupied  compartments  are 
to  be  regulated  automatically. 

Test  Conditions  and  Procedures. 

Test  conditions  and  flight  profiles  are  summarised  in  Table  2 
(page  63).  The  testa  closely  parallel  the  tests  of  air  conditioning 
of  equipment  compartments,  discussed  a  little  later,  and  will  be  part 
of  the  seme  seta  of  measurements. 

Tests  will  consist  of  the  observation  of  pressures  in  all 
equipment  compartments  throughout  the  mission  flight  regime, 
litressing  cases  are  primarily  climb,  fast  descent  with  engines 
at  idle,  long  range  high  altitude  cruise,  and  possibly  (on 
fighters)  engine  transients. 

Data  and  Support  Requirements. 

These  aret 

1.  Recording  of  data 

a.  compartment  pressures 

b.  flight  conditions 

c.  engine  settings 

2.  Computerized  reduction  of  data 

Pressurization  of  Subsystem  Reservoirs,  Inflatable  Seals 
and  Suits t 

Test  Objectives. 

The  test  objectives  are  to  determine  if  the  pressurization 
system  supplies  pressurized  air  at  specified  pressures, 
temperatures,  moisture  and  contamination  levels  to  all  subsystem 
reservoirs  such  as  fuel  tanks,  oil,  hydraulic  fluid,  coolant 
or  water  reservoirs  end  to  pressure  suits  or  antl-g  suits  if 
relevant.  In  the  case  of  suits,  proper  functioning  of  the  suits 
will  also  be  checked. 

Test  Conditions  and  Procedures. 

Pressures,  temperatures,  and  where  appropriate  moisture 
and  contamination  levels  will  be  recorded  throughout  the  fll^t 
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profiles  aununarized  in  Tatole  2  (page  (53  ) .  Stressing  conditions 
arc  fast  climb,  fast  descent  at  low  power,  and  long  range  cruise 
or  loiter  at  high  altitude.  For  pressure  suits,  operation  should 
be  checked  during  cabin  depressurization.  For  anti-g  suits, 
operation  will  be  checked  in  appropriate  corab.-it  maneuvers. 

Data  and  Support  Requirements. 

These  are: 

1.  Recording  of 

a.  pressures,  temperatures,  moisture  and  contamination 

b.  flight  conditions 

c.  engine  settings 

d.  crew  comments  on  suit  operation 

2.  Computerized  reduction  of  data 

Air  Conditioning  of  Occupied  Compartments; 

Test  Objectives. 

The  purpose  of  cabin  air  conditioning  tests  is  to  evaluate  if 
the  system  meets  following  requirements: 

1.  Ventilation  rates  are  to  bo  at  least  20  cubic  feet  per 
minute  (cfm)  per  man  for  all  operating  conditions  and 
at  least  1.8  times  the  maximum  allowable  production 
leakage  rate  for  all  pressurized  operations.  Air 
velocities  near  seated  personnel  are  not  to  exceed 

300  feet  per  minute  (fpm) , 

2.  Radiating  surfaces  are  to  be  at  least  50  degrees  P  and  arc 
not  to  exceed  105  degrees  F  near  seated  personnel  during 
pressurized  flight,  and  are  not  to  exceed  140  degrees  F 
for  all  oth<  r  locations  and  conditions. 

3.  Air  supplier  to  the  occupied  compartments  is  to  be  free 
of  entrainef  moisture, 

4.  Air  supplied  to  the  occupied  compartments  is  to  be  free  of 
excessive  contamination. 

5.  The  automatic  temperature  contrcl  is  to  maintain  the 
average  compartment  air  temperature  to  witliin  ^  3  degrees 
P  of  selected  settings.  Temperature  variation^  between 
any  two  points  in  a  seating  envelope  are  not  to  deviate 
more  than  +  5  degrees  F  from  the  average  cabin  temperature. 
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Temperature  differences  outside  the  envelope  are  not  to  vary 
more  than  ^  10  degrees  F  from  the  average  cabin  temperature. 

6*  Floor  temperatures  are  to  be  maintained  above  <30  degrees  F 
average,  with  no  location  loss  than  40  degrees  F. 

7.  Average  cabin  temperatures  are  to  be  maintained  between 
45  degrees  F  and  90  degrees  F  for  unpressurized  flight 
emd  between  70  degrees  F  and  90  degrees  F  during 
flights  with  an  Inoperative  air  conditioning  unit  (multiple 
unit  system) . 

8«  The  air-conditioning  equipment,  operating  from  either 
aircraft  engines  or  from  the  APU,  is  to  be  capable  of 
preventing  the  average  compartment  temperature  from 
exceeding  100  degrees  F* 

9.  The  heating  equipment  is  to  be  capable  of  maintaining 

the  average  compartment  air  temperature  above  80  degrees  F. 

10.  The  conditioning  system  is  to  be  compateOale  with  the  support 
equipment  called  for  in  the  Technical  Orders. 

Test  Conditions  and  Procedures. 

Air  conditioning  of  occupied  compartments  is  very  important 
throughout  the  whole  mission  profile  from  ground  check  out  to  post 
flight.  Test  conditions  and  flight  profiles  of  primary  concern 
are  summzrized  in  Table  2  (page  63).  Stressing  conditions  include: 

1.  Fast  climb  and  fast  descent 

2.  Extended  cruise  or  loiter  at  high  altitude 

3.  Low  altitude  flight  after  )iot  soak  and  cold  soak 

4.  Conditions  with  high  atmospheric  water  content 

5.  Lupersonic  cruise  (when  applicedale) 

G .  Low  altitude  supersonic  dash 

7.  Ground  checkout,  post-flight,  and  maintenance 

Much  useful  data  on  compartment  temperature  and  airflow  distribution 
shortcomings  can  be  acquired  during  normal  flight  profiles  but  this 
system  must  be  fully  checked  during  all-weather  testing. 

Tests  must  include  evaluation  of  air  conditioning  with  one  air 
conditioning  unit,  one  "failed”  on  multiple  unit  systems  and  tests 
using  emergency  ram  air. 
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If  the  aircraft  is  equipped  with  guns,  contamination  levels 
in  the  cockpit  should  be  checked  during  gun  firihg  throughout 
the  gun  firing  envelope.  For  these  tests  the  crew  should  be  on 
100%  oxygen  until  cockpit  contamination  levels  are  determined 
and  found  to  be  safe. 

Data  and  Surnort  Requirements. 

These  include  the  following: 

1.  Recording  of; 

a.  ventilation  rates  (compartment  air  inlet  temperature 
and  flow  rate) 

b.  air  velocities  at  crew  positions 

c.  temperature  distributions  at  crew  positions 

d.  temperatures  of  floors  and  radiating  surfaces 

e.  contamination  and  noise  levels 

f.  flight  conditions 

g.  engine  settings 

h.  air  conditioning  system  configuration 

i.  crew  comments  on  system  controls  and  operation 

2.  Computer  reduction  of  data 

3.  Ground  support  equipment  as  called  for  by  Technical  Orders. 
Rguipment  Conditioning ; 

Equipment  conditioning  is  very  important  for  ground  check  out 
and  servicing  as  well  as  throughout  the  operational  flight  regime, 
and  will  require  a  substantial  part  of  the  CCD  testing  effort. 

Test  Objectives. 

The  test  objectives  are  to  evaluate: 

1.  how  well  the  equipment  conditioning  meets  the  requirements 
imposed  by  the  aircraft  end  item  specifications  and  equipment 
specifications . 

2.  whether  the  equipment  conditioning  system  satisfactorily 
supports  the  mission. 
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Test  Conditions  and  Procedures. 

Test  conditions  are  sununarlzed  In  Table  2  (page  63) ,  and  may 
include  t 

1.  Extended  cruise  or  loiter  at  high  altitude  (low 
available  bleed  air  flow) 

2.  Supersonic  cruise  (when  applicable) 

3.  Descent  at  idle  power 

4.  Operation  with  an  ACM  failed  and  cooling  using  ram  air 

5.  Low  altHude  flight  after  hot  soak  on  ground  (at  low 
power  and  suicrsonic  dash) 

6.  Low  altitude  flight  after  cold  soak  on  ground 

7.  Landing  in  conditions  with  high  water  content  after 
cold  soak  at  high  altitude 

8.  Ground  servicing 

The  system  must  be  fully  checked  during  all-weather  testing. 

Data  and  Support  Requirements. 

These  include : 

1.  Measurements  of  temperature,  pressure,  flow,  moisture 
and  contamination  level  of  air  supplied  to  air  cooled  equip¬ 
ment  and  equi oment  compartments . 

2.  Mcasureme  )t  of  coolant  temporaturu,  flow  and  flow  conditions 
through  the  h  lat  exchangers  for  liqui'l  cooled  equipment. 

3.  Check  for  water  and  potential  fungus  problems 

4 .  Crew  comm  jnts 

5.  Computeri  ’-ed  data  processing 

6.  Support  equipment  called  for  in  the  relevant  Technical 
Orders. 

Anti-Icing  of  Non-Transparent  Areas « 

As  was  explained  in  the  preceding  Section  on  Requirements 
and  Problem  Areas,  full  anti-icing  of  flight  surfaces  is  very  rarely 
called  for  on  Air  Force  aircraft.  Aiiti-icing  over  limited  areas 
such  as  radomes  and  ECS  air  scoops  is  more  likely  to  be  required. 

If  flight  evaluation  of  such  anti-icing  is  required  tests  can  be 
made  using  artificial  icing  from  one  of  the  AFFTC  tanker  water 
spray  systems. 
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If  antl-iclng  is  provided  the  relevant  flight  conditions  will 
be  defined  In  the  aircraft  end  Item  specifications  and/or  ,the  ECS 
specification. 

Test  Qblectlves. 

The  test  objectives  are  to  evalutc  the  ability  of  the  anti-ice 
system  to  maintain  satisfactory  operation  of  specified  components 
under  the  flight  conditions  defined  in  the  requirements,  with 
meteorological  conditions  defined  in  Figure  A1  (page  123) . 

Test  Conditions  and  Procedures. 


The  test  aircraft  is  positioned  behind  the  water  spray  tanker 
at  a  distance  predicted  to  give  the  desired  liquid  water  content 
in  the  spray.  Sea  marker  dye  may  be  used  to  determine  the  type  of 
ice  formed  exactly  when  the  ice  starts  to  melt.  Additional  infor¬ 
mation  on  test  prodecures  can  be  found  in  Reference  15.  Photo¬ 
graphic  records  of  the  ice  build  up  are  taken,  using  a  photo  chase 
aircraft  if  necessary. 

Data  and  Support  Requirements. 

The  following  are  required: 

1.  The  NKC-135  or  C-130  palletized  water  spray  system 

2.  A  record  of  flight  conditions,  including  ambient 
air  temperature,  separation  distances  and  liquid  water 
contents 

3.  Component  performance  parameters  (including  temperatures 
of  anti-icing  air/fluid,  surface  temperatures,  electrical 
power  where  applicable) 

4.  Photo  records,  if  necessary  from  a  photo  chase  aircraft 

5.  Engineering  chase  to  accomodate  the  engineering  test 
conductor 

Anti-Icing  of  Transparent  Areas: 

Windshields,  bombardiers  panels  and  all  other  mission  essential 
areas  are  to  have  anti-icing  protection  for  all  conditions  of  flight 
(Table  ASA,  page  114) .  If  there  is  a  fisk  of  overheating,  teiiper- 
ature  limiting  devices  must  be  installed. 

Test  Objectives. 

the  test  objectives  are  to  evaluate  the  ability  of  anti-ico 
system  to  protect  all  mission  essential  areas  in  all  conditions  of 
flight  for  meteorological  conditions  summarized  in  Figure  A2  (page  124) . 
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Taat  Conditions  and  Procedures 


Thsse  tests  will  also  be  made  using  the  APPTC  NXC-13^^S  or 
C-130  palletised  airborne  water  spray  system.  The  teat  aircraft 
is  positioned  behind  tlie  water  spray  ta^er  at  a  distanoe  pre¬ 
dicted  to  give  the  desired  liquid  water  content  in  the  spray. 

Sea  marker  dye  may  be  used  to  determine  exactly  vrtien  the  ice 
starts  to  melt.  Photographic  records  of  the  ice  build  will 
be  taken.  Additi^al  information  on  test  procedures  can  be 
found  in  reference  15. 

Data  and  Support  Requirements. 

The  following  are  required! 

1.  The  NKC-135  or  C-130  palletized  airborne  water 
spray  system 

2.  A  record  of  flight  conditions  Including  ambient 
air  temperature,  separation  distances  and  liquid  water 
content 

3.  Con^onent  performance  parameters  (including  tempera¬ 
ture  of  anit-icing  air,  surface  temperatures  and  electrical 
power  if  applicable) 

4.  Crew  comments 

5.  Photo  records  from  a  photo  chase  aircraft 

G.  Engineering  chase  aircraft  to  accomodate  the  engine¬ 
ering  test  conductor 

Defrosting  and  Defogging  of  Transparent  Areas: 

Defrosting  and  defogging  is  required  for  windshields, 
bombardiers  panels  and  all  other  mission  essential  areas  for 
all  flight  conditions  and  in  taxiing.  Areas  to  be  protected 
include  those  needed  for  taxiing.  Performance  and  design 
requirements  are  summarized  in  Tables  A9A  and  A9D  (pages  116  and 
117)  respectively. 

Test  Objectives. 

These  are  to  evaluate  the  ability  of  the  defrost/ defog  system 
to  protect  all  mission  essential  transparent  areas  during  taxing 
and  under  all  flight  conditions. 

Test  Conditions  and  Procedures. 

The  ability  of  the  defrost/defog  system  to  protect  mission 
essential  transparent  surfaces  will  be  evaluated  during  and  after 
descents  from  cold  soak  at  high  altitude  as  follows: 
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1.  During  descent  at  reconuaended  descent  Speed  ;  J 

2.  In  low  altitude  level  flight  after  (1) 

3.  For  oowhat  aircraft,  during  maximum  rate  of  descent 
at  limit  speed 

4.  In  low  altitude  level  flight  after  (2)  (3)  ?.‘ests  (1) 
and  (2)  will  be  repeated  during  tiroplcal  tests  and  also 
with  one  air  conditioning  unit  inoperative  on  multi-unit 
systems . 

Data  and  Support  Requirements* 

The  following  data  are  to  be  recorded: 

1.  Flight  conditions  and  flight  profile 

2.  ECS  operating  configuration 

3.  Defog  air  temperature  and  mass  flow  (if  hot  air 
jets  used) 

4.  Surface  temperatures 

5.  Meteorological  conditions,  cockpit  temperature  and 
cockpit  humidity 

6.  Crew  comments 

7.  A  photo  record  of  frost/fog  build  up 

Crew  comments  should  include  any  adverse  impact  of  operation  of 
the  defrost/defog  system  on  crew  comfort. 

Removal  of  Rain  and  Snow  from  Transparent  Areas; 

Pilot  and  copilot  windshields  arc  to  be  protected.  Also, 
sensor  windows  are  to  be  protected  for  all  inflight  conditions 
for  v^ich  sensor  operation  is  required.  Flight  conditions 
are  svimmarized  in  Table  Alo  (page  118)  . 

Test  Objectives. 

To  evaluate  the  protection  of  transparent  areas  against 
heavy  rain,  and  excessive  rain  and  snow.  Also,  to  check  for  the 
possibility  of  erosion  by  the  rain. 

Test  Conditions  and  Procedures. 

Flight  tests  will  be  made  using  one  of  the  AFFTC  spri^  tankers 
and  also  When  suitable  weather  is  available.  They  will  include 
as  feasible: 
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1.  Taxi,  take  off,  landing  approach  and  landing 

2.  Flight  at  1.6  tiinas  tha  stall  spaad  at  maximum 

weight  with  gear  and  flaps  for  fixed  wing  aircraft 

3.  Plight  at  maximum  cruise  speed  for  rotary  wind 

aircraft 

4.  In  flight  cefueling  conditions,  if  refueling  is 

required  below  20,000  ft. 

Simulation  tests  may  also  be  conducted  in  the  Climatic  Labora¬ 
tory.  Details  on  procedures  using  the  AFFTC  spray  tanker  to 
provide  simulated  raxn  will  be  found  in  reference  15. 

Data  and  Support  Requirements. 

The  following  data  are  required i 

1.  Flight  conditions 

2.  Weather  conditions 

3*  Jet  air  temperature  and  mass  flow  (If  air  jets  used) 

4.  Surface  temperatures  in  the  impingement  area 

5.  Crew  comment  on  protection 

6.  If  feasible,  photographic  records  of  clearance 

Protection  Against  Dust,  Salt  Spray  or  insects t 

Protection  is  required  for  pilot  and  copilots  windshields 
and  for  sensor  windows  on  aircraft  whose  mission  requires  low 
level  flight  over  the  oceans  or  along  the  coast  (salt)  or 
overland  (dust  and  insects).  Vertical  take  off  and  landing 
aircraft  are  to  have  protection  for  the  pilot  and  copilots 
windshields  (Table  All,  page  119) , 

Test  Objectives. 

To  evaluate  the  protection  provided. 

Test  Conditions  and  Procedures. 

Fixed  wing  aircraft  will  be  flown  low  over  land  or  water 
as  appropriate  in  the  manner  called  for  in  its  mission  profile 
at  times  when  %#eather/8ea  conditions  are  suitable  for  evaluation. 

Rotary  wing  aircraft  will  be  operated  under  dusty  conditions 
as  opportunity  permits. 


The  following  dete  will  be  recorded 

1.  Flight  oondltione,  including  height  abovo  grouad/weter 

2.  Weather/aea  conditions 

3.  Flight  and  ground  crow  oonunents 


Teat  Objectives. 

Oxygen  systems  are  primarily  evaluated  during  normal  ground 
servicing  and  flight  missions.  Evaluation  is  for  proper  func¬ 
tioning,  suitability  of  arrangement,  accessibility  and  con¬ 
venience. 


Test  Conditions  and  Procedures. 

Crew  comments  are  obtained  during  normal  flight  profiles 
and  ground  servicing.  In  addition,  proper  functioning  is 
checked  during  compartment  pressure  dump  tests  and  cabin 
leakage  tests. 

Data  and  Support  Reguireroents . 


Crew  comments  are  required  on  system  functioning  and 
on  the  suitability  of  the  arrangement  of  the  items  from  the 
standpoint  of  accessibility  and  convenience  to  all  crew  raenft>er8 
during  their  flight  duties  and  during  servicing. 


DATA  ME\SUREMBNT,  ANALYSIS  AND  EVALUATI(X9 


G«a«r«l  r«qutr«iMnts  for  instrumentation  for  contractor  fll^t 
tests  of  ICS  are  givsn  in  MIL*B-38453A,  paragraph  4.10.  Requirements 
for  APFTC  tests  are  essentially  similar.  In  summary,  these  must 
measure 1 

a.  temperature,  pressure,  flaw  and  swnetimes  moisture 
content  of  air  delivered  by  the  bleed  air  system  to  all 
components 

b.  teiq>eratures  and  velocities  around  crew  stations 

c.  tei^teratures ,  pressures  and  flows  in  and  out  of  heat 
exchangers 

d.  data  in  sufficient  quantities  to  provide  a  thorough 
analysis  of  the  environmental  control  system  performance 

(•enerous  use  of  temperature  indicating  stickers  is  very  helpful, 
especially  on  equipment. 

The  engineer  should  review  pickup  locations  and  should  review 
all  calibrations  to  ensure  that  they  cover  the  appropriate  ranges, 
do  not  exhibit  excessive  hysterisis,  show  adequate  accuracy  and 
are  in  general  acceptable.  ^  3%  of  range  is  generally  acceptable, 
but  ^  1%  is  desirable  in  all-weather  tests.  Often  ECS  testing  is 
performed  on  more  than  one  aircraft,  in  which  case  the  parameter 
selection  may  differ  between  these  in  order  to  reduce  total. band 
width  requirements.  Table  3  (page  73)  gives  an  exaitq>le  of  an 
instrumentation  parameter  list  for  a  single  place  fighter  (F-IC) . 

A  large  cabin  aircraft  such  as  the  E-3A  would,  of  course,  need 
many  more  measurements  in  the  occupied  conqpartments . 

On  an  all-weather  test  aircraft  the  ECS  must  compete  with  other 
subsystems  for  Instrumentation  capacity  (Ref  13) .  Hence,  ECS 
Instrumentation  will  tend  to  concentrate  on  output  performance 
parameters  (cabin  temperatures  and  so  on)  rather  than  on  the  inner 
working  of,  for  example,  the  air  conditioning  units.  Some  key 
diagnostic  parameters  should,  however,  be  included. 

The  overall  objective  of  ECS  tests  is  to  evaluate  tlie  ECS 
as  a  subsystem  of  an  operational  aircraft  and  to  determine  if 
any  serious  problems  or  deficiencies  exist.  This  evaluation 
will  draw  on  qualitative  comments  of  air  and  ground  crews  and 
on  experienca  gained  in  tests  flown  for  other  objective:}  and/or 
on  other  test  aircraft  of  the  type  as  well  as  on  data  f::om  tests 
specifically  made  to  evaluate  the  system. 

# 

The  final  report  on  the  evaluation  will  give  a  brief  descrip¬ 
tion  of  the  system  and  draw  attention  to  leading  particulars  and 
to  the  basic  logic  of  its  operation.  For  each  test  the  aircraft 
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model,  designation  and  serial  nvabrnt  will  be  given.  The  general 
approach  will  be  to  discuss  each  consonant  or  function  in  turn, 
briefly  list  the  relevant  eveluetion  eriterla  ami  state  «rtiether 
these  were  met.  Indicate  briefly  overall  results  and  treads. 

The  criteria  must  always  include  the  overriding  erlterlon  of 
operational  suitability  as  well  as  that  of  meeting  specification 
requirements.  If  the  subsystem  fails  to  meet  a  specification 
requirement  it  may  still  be  considered  operationally  aeeeptable. 
Further,  it  may  meet  specification  requirements  and  still  ba 
considered  unsuitable  for  operational  use. 

When  criteria  are  not  met  enough  detail  must  be  given  to 
effectively  define  the  short-fall.  Tabular  summaries  or  time 
histories  will  be  given  of  the  tests  conducted  with  appropriate 
comment,  vihere  appropriate,  as  in  dynamic  conditions  in  general, 
time  history  plots  will  be  presented  with  attention  drawn  to  the 
important  parameters.  In  some  eases  cross-plotting  will  be  very 
helpful.  Still  photographs  are  an  ingiortant  and  highly  effective 
means  of  illustrating  some  types  of  problem.  The  engineer  should 
ensure  that  appropriate  photographic  documentation  is  obtained. 
Photographs  of  pools  of  water  in  the  cabin  or  of  an  iced  over 
windshield  can  be  quite  convincing. 

Objectives,  pertinent  parameters,  criteria  and  presentation 
recommendations  for  analysis,  evaluation  and  reporting  of  tests 
of  each  compartment  are  collected,  for  ease  of  reference,  in 
Appendix  C. 


78 


fit,  I  i 

S8S  Saftl  a  a 
SBS  SaSfi  8  8 

ooo  ooo?|o  o 


!  4  i  ?  i  } 

«  a  *  a  ”  § 
8  8  8  8  8  8 


Table  3  (continued) 


81 


Table  3  (continued 
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APPENDIX  A 

SUMMARY  OF  SPECIFICATION  REQUIREMENTS  FOR 
ENVIRONMENTAL  CONTROL  SUBSYSTEMS 

Note I  The  test  engineer  should  review  the  specifications  Appli¬ 
cable  to  the  specific  aircraft  he  is  concerned  with.  These  will 
usually  be  the  versions  current  at  the  time  when  the  aircraft 
is  designed. 
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Oiq^gen  System  Requirements 


LIST  OF  ILLUSTRATIONS 
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Tabla  AlA 


Bnoiiw  Blaad  Air  Syf in 
PTformance  RagulrewntB 


The  system  shall  provide  air  to  all  oon^nents  requiring 
bleed  sir  at  the  specified  pressures,  tesqteratures  and  wei^t 
flows.  (3. 1.3.1) 

Xisaksge  at  sny  one  joint  shall  not  exceed  0.01  cubic  feet 
per  minute  per  inch  of  duet  diameter.  Total  leakage  is  to  be 
kept  to  a  minimum.  (3.1.3. 1). 

If  duct  failure  results  in  an  open  line,  bleed  air  shall 
not  be  extracted  from  the  engine (s)  at  a  rate  greater  than  the 
engine  manufacturers  limit.  (3.1. 3.1). 

The  system  shall  be  able  to  supply  the  necessary  quantities 
to  all  equipment  raquiring  operation  simultaneouely.  (3. 1.3.1). 

A  normally  open  shut-off  valve,  which  fails  in  the  open 
position,  shall  be  provided  at  eadi  source  of  bleed  air. 
(Manifold  bleed  parts  on  a  single  engine  are  considered  to  be 
a  single  source).  (3. 1.3. 5). 

Note<  Paragraph  references  are  to  Reference  5,  (MIL-E-38453A) . 


Table  AIB 


Engine  BleedI  Aiir  Syetero 
D— jqn  Heggjyewenti 


Each  subsystem  deriving  air  from  the  engine  bleed  air  shall 
have  an  individual  shut-off  valve  ao  that  the  subsystem  can  be 
deactivated  without  deactivating  the  engine  bleed  air  system. 
(3.2.4). 

All  parts  of  the  engine  bleed  air  system  shall  be  designed 
to  withstand  the  simultaneous  application  of  the  most  critical 
combination  of  pressure »  ten^erature  and  motion  encountered  in 
operation.  (3.2.4). 

Internal  velocities  shall  not  result  in  a  Mach  number  exceed¬ 
ing  0.25.  (3.2.4) • 

There  shall  be  no  aerodynamic  resonances.  (3.2.4). 

Sufficient,  accessible  joints  shall  be  provided  to  facilitate 
installation  and  replacement  and  shall  be  clamped  with  guide- 
detachable  couplings  designed  to  minimise  leaJeage.  Safety- latch- 
type  couplings  shall  be  used  where  the  bleed  air  temperature 
normally  exceeds  450  'F.  (3.2.4). 

Shut-off  and  regulator  valves  shall  be  designed  to  preclude 
failure  or  malfunction  due  to  freesing  of  extrained  moisture 
or  corrosion.  (3. 2. 4. 3). 

Where  multiple  engine  or  multiple  stage  bleed  will  occur,  a 
checlc  valve  to  prevent  reverse  flow  of  air  into  the  engine 
shall  he  provided  near  each  engine  bleed  port.  A  chedt  valve  to 
prevent  reverse  flow  of  pressurising  air  shall  be  provided  in 
each  supply  line  to  a  pressurised  compartment.  Check  valves  that 
are  installed  at  duct  joints  should  be  attached  to  the  downstream 
portion  of  the  duct  to  maintain  pressurisatlon  integrity  if  the 
joint  separates.  A  shut-off  valve  for  eadi  Independent  source 
of  bleed  air  shall  be  provided  as  near  as  possible  to  the  source 
and  remotely  controlled  from  the  crew  station.  The  shut-off  valve 
shall  be  normally  open  and  shall  fail  open.  Provisions  shall  be 
made  to  provide  closure  of  the  valve  during  engine  starting. 

Wliere  multiple  sources  are  manifolded,  isolation  and  crossover 
means  shall  be  provided  to  isolate  each  main  supply  duct  and 
cross feed  to  subsystems  from  any  source.  Isolation  valves  shall 
be  normally  open  and  shall  fail  open.  Crossover  valves  shall  be 
normally  closed  and  shall  fall  closed.  A  readily  accessible 
means  for  manually  opening  the  crossover  valve  shall  be  provided. 
Provisions  to  assure  that  a  rupture  in  the  crossover  ducting  will 
not  result  in  loss  of  all  compartment  pressurisatlon  airflow  shall 
be  provided.  The  isolation  shut-off  valve  in  each  side  shall  be 
upstream  of  any  supply  line  takeoff  for  compartment  cooling  or 
pressurization.  (3. 2. 4. 3). 

Note:  Paragraph  references  are  to  Reference  5,  (MIL-B-38453A) . 
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T»bU  A2A 


Pr»«»urliatlon  of  Oceupi^d  Co«PTf»nf 
PTfotnano  and  Functional  H>ottirn>nt« 


Applicability.  Required  for  ell  crew  oeebere  end  pceennoere  in 
eircrelt  witin  operetlnq  altitudes  greater  than  20»OM  faat 

Operation.  Shell  require  adnlmun  attention  and  aanipulatien  hf 
pTloCTorew  nenbers. 

Sdhedule. 

Cargo  end  peraonnel  trei^porta.  nevlaetl<»  toainera  and 
earlY*7arainq  ^rcratti  (Sabin  altitude  selectabie  between 
-iobo  aha  -^iSfbob  feet  subject  to  maximum  differential  praasuxe 
equivalent  to  the  difference  between  8000  feet  cabin  altitude 
and  the  maximum  operating  cruise  altitude  of  the  aircraft  (l.l.I.l.l.l) • 

Other  aircraft!  Cabin  unpressurised  >9  to  8000  feet#  then 
maintained  at  booo  feet  pressure  altitude  to  the  operational 
celling  of  the  aircraft  (maxlimvn  altitude  at  whl^  the  aircraft 
can  sustain  level  flight).  If  mission  operation  above  40*000 
feet  lasts  one  hour  or  less#  a  minimum  of  5  psl  differential 
above  23 #000  feet  la  acceptable  If  a  substantial  %relght  savings 
results  { 3. 1. 1. 1. 1. 1) . 

PressuCT  ^qulatlon.  Pressure  shall  be  within  j:,  0.4  Inches  Hg 
o7  noiA.hal  sele^e'^  when  the  cabin  Is  pressurised#  within  the 
range  0  to  'fl  Inch  Hg  when  the  cabin  Is  unpressurised.  Overshoot 
shall  be  less  than  1  psl  and  fluctuation  frequency  less  than 
0.15  cps  when  the  setting  Is  changed,  less  than  0.2  psl  for 
transient  changes  when  engine  settings  are  changed  (3. 1.1. 1.1. 2) . 

Rate  of  Change.  For  cargo  etc  aircraft#  the  rate  of  change  of 
canln  pressure  altitude  to  be  selectable  between  100  and  2000 
feet/roln.  For  others#  not  to  exceed  1  psi/sec  decreasing  or 
0.5  psl/sec  increasing  (3. 1.1. 1.1. 2) . 

Ex^as  Differential  Pressure.  A  separate  outflow  valve#  safety 

valve  or  combination  of  vai^s  shall  be  capable  of  passing  the 

entire  air  Input  to  the  cabin  at  a  pressure  not  in  excess  of 

110  percent  of  the  normal  maximum  operational  differential 

pressure  but  shall  not  relieve  at  a  pressure  less  than  0.15 

psl  about  the  upper  tolerance  limit  of  the  maximum  normal 

poperatlonal  differential  pressure.  Protection  shall  also  be 

provided  against  excessive  negative  differential  pressure  (3.1.1.1.1.2) . 

Opening  of  Canopies.  Doors,  Hatches.  Provision  shall  be  made  to 
eniure  that  detrimental  residual  differential  pressure  shall  not 
exist  when  sudi  Items  are  opened  (3. 1.1. 1.1. 2) . 

Notet  Paragraph  references  are  to  Reference  5#  Mix<-E-38453A. 
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Performance  tnd  Functional  Raqutramanta  -  oontinood 


Preaaere  Release.  Normal  and  emergency  preaaure  releeae  shall  be 
provided.  Where  possible  these  shall  be  additional  functions  of 
the  safety  valve.  Normal  pressure  release  shall  be  capable  of 
dumping  cabin  pressure  without  shutting  off  the  press urlsatlon 
air  source.  Emergency  pressure  release  Is  to  be  activated  by 
a  single  control  and  shall  shut  off  the  pressurizing  air  source 


automatically.  The  time  to  accomplish  pressure  release  after 
Initiation  of  emergency  release  shall  be  as  follows t 


(a)  an  aircraft  with  emergency  escape  provisions  for  all 
occupants,  reach  a  pressure  within  1  psl  of  ambient  at  an 
average  rate  of  O.S  to  1.0  ^1  per  second 


(b)  other  aircraft,  60  seconds  for  cargo  and  personnel  transports, 
navigation  trainers  and  early  warning  aircraft,  15  seconds 
for  others  (3. 1.1.1. 1.3) 


Available  Plow.  The  pressure  source,  whether  It  Is  controlled 
air  fron  ^e  ^r  oondltlcmlng  S' stem  or  stored  gas  or  a  combination 
of  both,  shall  provide  sufficient  flow  to  overcome  allowable 
uncontrolled  In-service  air  leaks  and  maintain  tho  required 
pressure  s<diedule  and  shall  provide  the  required  ventilation  rate. 
When  pressurlsatlon  is  by  stored  gas  supply  the  partial  pressure 
of  oxygen  In  the  occupied  ooi^artment  shall  be  equivalent  to  that 
at  8000  feet.  (3. 1.1. 1.1. 4) 


Emergency  Enclosed  Systems.  Nhen  these  are  Installed  a  separate 
pressurization  source  snail  be  provided  for  use  during  the 
escape  sequence  and  descent  to  earth  and  during  periods  of  failure 
of  the  aircraft  pressurlsatlon  system.  (3. 1, 1. 1. 1. 4) 


Note;  Paragraph  references  are  to  Reference  5,  MIL-E-38453A 


Tab la  A2B 


Praasurlaation  of  Occuplad  Coir.partroenta 
Daalqn  Raauiraiaanta 


Preaaurlaatlon  Sourca.  Tha  air  uaad  for  compartment  conditioning, 
vfhan  aval  labia  at  ooii^atlbj.a  waiaht  flowa  and  prasauras,  ahall  ba 
uaad  for  praaauri ration.  During  flight  oonditiona  whan  the 
conditioned  air  weight  flowa  and  preaauraa  are  marginal  for 
providing  praaauritation  a  maana  to  aupplament  praaaurisation 
airflow  shall  ba  provided.  Whan  compartment  conditioning  air  ia 
not  suitable,  first  consideration  should  be  given  to  using 
temparatura  controlled  bleed  air  before  using  high  prassura  stored 
gas  as  the  prassura  souroa.  (3.2.2.I. 1. 1) 

Multiple  Sources  and  Single  Fal lures.  On  multi  engined  aircraft 
at  leas i  two  sources  shali  be  provided,  capable  of  providing 
the  required  pres suri sat ion  individually  with  a  means  of  selecting 
each  source,  combinations  of  sources  or  the  "off"  position.  No 
single  failure  of  any  supply  or  control  component  shall  result  in 
the  occupied  compartment  pressure  altitude  exceeding  14,000  feet 
on  multi  engined,  passenger  carrying  aircraft  that  do  not  fly 
above  50,000  feet.  No  single  failure  shall  result  in  conditions 
where  crew  or  passenger  safety  is  jeopardised  with  the  use  of 
available  oxygen  provisions  on  aircraft  flying  in  excess  of 
42,000  feet.  No  single  failure  shall  result  in  the  failure  of 
any  other  component  either  directly  or  indirectly.  (3. 2.2. 1.1.1) 

Check  Valves.  Check  valves  or  other  suitable  automatic  means 
of  "seaTing  all  pressuri ration  supply  inlet  openings  into  pressurised 
compartments  to  prevent  rapid  loss  of  compartment  pressure  in  the 
event  of  air  source  failure  shall  be  provided.  When  two  or  more 
sources  supply  a  compartment  through  coimnon  ducting  a  check  valve 
or  other  suitable  automatic  device  shall  be  included  in  the  inlet 
line  from  each  source.  (3. 2. 2. 1.1.1) 

Regulators.  Safety  Valves  and  Blow  out  Panels.  At  least  one 
pressure  regulator  sliall  hm  installed  in  each  portion  of  the 
aircraft  where  occupied  compartment  pressure  can  be  maintained 
independently  or  in  each  portion  of  an  occupied  compartment  where 
segregation  is  possible.  Pressure  register  outflow  valves  shall 
be  designed  so  that  they  will  remain  in  their  last  position  or 
close  in  case  of  failure.  Means  of  making  the  regulator 
inoperative  in  the  closed  position  shall  be  incorporated  to  enable 
occupied  compartment  pressure  and  leakage  tests  to  be  conducted 
on  the  ground,  with  means  to  prevent  leaving  the  valve  in  the 
closed  position.  Protection  of  occupied  compartments  from 
excessive  positive  or  negative  differential  pressures  shall  be 
provided.  Safety  valves  shall  be  designed  so  that  they  will 
remain  in  the  last  position  or  close  in  case  of  failure,  blow 
out  panels  or  sufficient  flow  areas  between  compartments  to 
prevent  personnel  injury  and  structural  failure  in  the  event  of 
sudden  deconpression  shall  be  provided.  Regulators,  safety  valves 

Note;  Paragraph  references  are  to  Reference  5,  HIL>E-38453A. 
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Table  A2B 

Preeeurlaetion  of  Occupied  Compartments 
Design  Requirereents  -  continued 


or  outflow  portions  of  each  shall  be  protected  against  damage  or 
tampering.  Discharge  parts  shall  be  located  in  an  anibient  presiiure 
area  not  subject  to  exposure  to  adverse  weather  conditions  suCh 
as  icing  or  rain  or  to  physical  Interference  from  structures , 
insulation  or  any  other  installed  items.  (3. 2. 2. 1.1. 2  and 
3. 2. 2. 1.1.3) 

Single  Failure.  No  single  component  failure,  sensor  or  control 
line  leak  shall  result  in  simultaneous  failure  of  both  the  compart¬ 
ment  pressure  regulator  and  the  safety  valve.  (3. 2. 2. 1. 1. 3; 

Ins trxinents  and  Controls .  A  caution  indicator  to  show  loss  of 
con^artncnt  pressure  below  10  psia  shall  be  provided  in  the  crew 
station  of  all  aircraft  having  occupied  pressurized  compartments, 
except  for  aircraft  designed  to  a  5  psig  schedule.  A  warning 
light  to  warn  occupants  that  compartment  pressure  has  dropped 
below  3  psia  for  combat  aircraft  and  8  psia  for  passenger  carrying 
aircraft  shall  be  provided  in  the  crew  stations  of  all  combat 
aircraft  that  operate  above  42,000  feet  and  passenger  carrying 
aircraft  that  operate  above  25,000  feet,  respectively. 

Crew  station  controls  for  accomplishing  pressure  release  shall 
be  provided.  Crew  stations  controls  for  selecting  cabin  rate  of 
clim>}  and  descent  wid  variable  Isobarlc  altitude',  cabin  pressure 
altitude  indicators.  Instruments  to  show  cabin  rate  of  clinb 
and  descent  in  feet  per  minute  and  cabin  pressure  differential 
in  pel  shall  be  provided  in  the  crew  compartment  of  cargo  and 
personnel  treneporta,  nevigetional  trainers  and  early  warning 
aircraft.  (3.2.7.  1.1. 2. 3) 


Note ;  Paregrei^.  references  ere  to  Reference  5,  MIL-E-38453A 


Tabl#  A? 


Equipment  Pfsauritatlon 


Unit  Pressurleation. 

Equipment  requiring  Individual  unit  preasurl cation  from  an 
external  source  shall  be  supplied  flows  at  pressures,  temperatures, 
humidity,  and  contamination  levies  that  are  aonfMitlhle  wl^  the 
equipment  specification  and  MlI.oE-S400.  When  two  or  more  units  are 
pressurized  by  the  some  source,  loss  of  pressurization  by  one  shall 
not  cause  loss  of  prossurlsatlon  to  the  other  units.  Pressure  relief 
provisions  to  prevent  overpressurlsation  of  the  equipment  shall  be 
incorporated.  When  radar  units  are  pressurised  by  Individual  pressur¬ 
izing  sets,  the  AN/ASQ<-14,  the  AM/ASQ-15,  or  the  Atl/ASQ-70  pressuri¬ 
zation  set  (government- furnished  aeronautical  equipment)  shall  be 
used  wherever  conpatlble  with  the  radar  pressurization  requlremsnts. 
(3.1, 1.1.2) 


A  pressure  regulator  shall  be  provided  when  necessary  to  insure 
pressures  oompatible  with  the  equipment.  Provisions  that  allow  ground 
checkout  of  the  pressure  regulator,  relief  provision,  and  system 
leakage  shall  be  Incorporated.  Providing  a  muans  for  indicating  loss 
of  equipment  pressurization  to  the  crewmemberj  shall  be  given  consid¬ 
eration.  (3. 2. 2. 1.2) 

Equipment  Compartment  Pressurization. 

Pressurization  of  equipment  compartments  that  are  separate  from 
the  occupied  ooiqpartments  shall  be  regulated  automatically  and  main¬ 
tained  at  a  pressure  oompatible  with  the  most  critical  unit  contained 
within  the  ooRqpartiaent.  When  the  compartment  pressurization  Is  accom¬ 
plished  by  controlling  the  outflow  of  air  conditioning  air  or  stored 
gases  from  the  compartment,  a  second  outflow  valve  or  safety  valve  to 
prevent  excessive  positive  and  negative  pressures  shall  be  provided. 
The  valve  settings  shall  be  detor^ned  by  structural  considerations. 
The  oong>artment  pressurization  medium  shall  be  supplied  at  pressure, 
temperature,  moisture,  and  contamination  levels  compatible  wit^  the 
equipment  specifications.  The  air  used  for  equipment  compartment 
cooling,  when  available  at  weight  flows  and  pressure  sufficient  to 
provide  pressurization,  shall  be  used.  If  the  cooling  air  is  not 
suitable,  the  equipment  compartment  pressurization  shall  be  provided 
from  a  high  pressure  stored  gas  system,  use  of  tenperature  controlled 
engine  bleed  air,  the  pressure  shall  be  maintained  by  controlling 
outflow  of  air  from  the  conpartment  by  means  of  a  pressure  regulator. 

A  sagety  valve  shall  provide  positive  pressure  relief  and  negative 
pressure  relief.  The  regulator  shall  be  provided  wi^th  means  for 
holding  the  outflow  portion  in  the  closed  position  to  acootpllsh 
equipment  compartment  ground  pressure  and  leakage  testa.  Means  to 
prevent  leaving  the  valve  in  the  closed  position  shall  be  provided. 
Moisture  levels  shall  be  compatible  with  the  molsti're  levels  speol fled 
in  the  equipment  8peclfloatlon(s) .  Providing  a  means  for  indicating 
loss  of  equipment  oompartmant  pressurlsatlon  to  the  cre%nnenbera  shall 
be  given  oonslderatlon.  (3. 1.1. 1.3  and  3. 2, 2. 1.3) 

Hotel  Paragraph  references  i^e  to  Peterence  5,  M11.-B-38453A. 


T«bl«  A4 

Pressurization  of  Subsystem  Reservoirs  and  Inflatabla  Seals. 

Supply  of  Suita 


Subsysfm  Reservoir  Praaaurization* 

When  the  reservoirs  of  subsystems  such  as  fuel»  oil,  hudrsittlic 
fluid,  coolant  fluid,  and  water  are  pressurised  with  air#  the  pressur¬ 
ization  airflows  shall  be  provided  at  pressure#  temperature#  m^sture, 
and  contamination  levels  con^atible  with  the  applicable  svtosystwn 
specification  requirements.  Fail-safe  provisions  to  prevent  the 
entrance  of  hazardous  fumes  and  fluids  into  environmental  control#  the 
environmental  protection#  and  the  engine  bleed  air  systems  shall  be 
provided.  The  supply  air  flow  rate  and  temperature  shall  be  controlled 
to  prevent  autoiqnition.  Fuel  or  fule  vapors  shall  be  prevented  from 
backing  up  into  toe  enbleed  air  system  as  a  result  of  fuel  expansion, 
even  with  the  failure  of  a  single  component.  The  entrance  of  fule  fumes 
into  the  engine  bleed  air  system  shall  be  prevented  by  fail-safe  pro¬ 
visions  consisting  of  two  check  valves  or  two  similar  redundancy  means. 
Means  for  enabling  ground  test  of  fail-safe  provisions  for  proper  oper¬ 
ation  shall  be  incorporated.  Where  single  failure  can  create  the 
possibility  of  excessive  fuel  tank  air  temperatures,  means  for  indicating 
excessive  temperature  to  the  crewmembers  shall  be  provided.  (3. 1.1. 1,5 
and  3. 2. 2. 1.5) 

Inflatable  Seal  Pressurization. 

Inflatable  seals  shall  be  sufficiently  pressurized  to  provide 
effective  sealing  of  closures  «dien  the  compartment  pressure  is  at  a 
maximum#  the  aircraft  is  at  maximum  operational  ceiling#  and  the 
pressurizing  source  is  at  a  minimum  pressure.  The  pressurization  medium 
shall  be  supplied  at  pressure#  temperature#  moisture#  and  contami  lation 
levies  conqpatlble  with  each  inflatable  seal  requirement.  The  inflatable 
seal  system  shall  Include  pressure  regulator#  toeck  valve#  filter#  and 
ground  pressurizing  and  checkout  connections  in  accordance  with  HS33565 
and  hall  be  located  to  be  easily  accessible  during  ground  maintnenance. 
The  xnflatable  seal  system  shall  Include  provisions  for  deflation  when 
on  the  ground.  The  seals  shall  remain  inflated  in  the  event  of  aircraft 
electrical  system  failure.  (3.1.1. 1.4  and  3.2.2, 1.4) 

Anti-q  Suit  Air  Hupplv. 

Pressurization  air  at  pressure#  moisture#  and  epntamination  levels 
compatible  with  the  anti-g  suit  equipment  shall  be  provided  to  each 
anti -g  suit  on  aircraft  in  which  the  anti-g  suits  will  be  used.  7he 
temperature  of  the  anti-g  suit  air  supply  shall  be  controlled  between 
50  F  and  130  F.  The  compressed  air  source#  when  required#  shall  be  in 
accordance  with  MIL-D-7890.  (3. 1.2.7) 

Mote;  Paragraph  references  are  to  Refer anee  S»  MII.-E-38453A, 
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T«bl«  A4 


i  f 


praisurlfi^fejon  al  SmmU. 

Supply  of  SuitB:  «■  Oonfc^nia^ 

Pitpppurp  Suit  Air  SttMPlv. 

A  supply  of  sir  at  prssaurs,  iROlstutp*  snd  contspinstion  Isvols 
oonq^atible  with  ths  prsssurs  suit  sq[uiFmsnt  ahsll  be  proi^ded  for  each 
pressure  suit  on  aircraft  in  which  pressure  suits  will  be  used.  The 
tenperature  of  the  pressure  suit  air  supply  shall  be  oon trolled  between 
55  F  and  90  F.  Presiure  suit  provisions  shall  be  inoorporated^ln 
accordance  with  Section  SB,  Chapter  5  of  the  AFSC  Design  Handbook  Dll 
2-3,  (3.1.2. 8) 


Note:  Paragrap'i  refereipces  are  to  Reference  5,  MIL-E-38453A, 
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J 
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Hatttoiraiiients 


Cooling  in  Flight*  Throughout  the  tMposeture  and  humidity  range 
specifiea  in  niL-STD-SlO  the  cooling  equipment  shall  have 
sufficient  eapaelty  to  isaintain  the  average  conpartmant  teaperature 
at  70  r  for  all  flight  oonditiona,  throughout  ^e  range  £r<na 
minimum  to  maximum  angina  paaar  satting,  except  for  transients  of 
30  ndnutas  or  less  su^  aa  oliato,  idle  desoant*  and  high  apaad 
burst.  For  transiant  fli^t  conditions  of  30  minutes  duration 
or  less  the  avarage  ooapartmant  shall  not  exceed  80^F.  (S/3.1.1.2.1.1) 

Cooling  on  GTOiind.  During  ground  operation  in  all  temperature  and 
numi^iiy  ooniSiiions  of  Figure  Al,  when  using  either  the  aircraft 
propulsion  engines  operating  at  idle  or  an  on-board  auxiliary 
power  unitf  the  cooling  equipment  shall  be  capable  of  preventing 
the  average  compartment  tev^erature  from  exceeding  80°P.  Transient 
cool  down  times  of  compartments  following  high  temperature  soaks 
shall  he  as  specified  in  the  weapon  system  specifications  or  held 
to  a  minimum  if  not  specified.  (5/3.1. 1.2.1. 1) 

Surface  Temperatures.  The  temperature  of  all  surfaces  except 
small  surfaMS  %ihidl)  radiate  heat  to  occupants  shall  not  exceed 
levels  which  adverse W  affect  human  comfort.  These  temperatures 
shall  not  exceed  105^,  except  during  transient  periods  of  30 
minutes  or  less  at  which  time  they  shall  not  exceed  160°F.  All 
surfaces  in  occupied  compartments »  which  can  be  touched  by  personnel, 
shall  be  maintained  at  levels  that  will  not  cause  discomfort  if 
touched  with  the  unprotected  parts  of  the  human  body.  (5/3. 1. 1.2.1. 1.) 

Warm-up  Time.  Air  cycle  air  conditioning  shall  be  capable  of  opera- 
iing  ai  cull  capacity  within  €0  seconds  of  initial  operation  after 
soaking  in  any  ambient  temperature  from  -ss'’  :o  <t‘16U^F.  (7/3. 6. 1.2) 

Heating.  The  aircraft  heating  equipment  shall  be  capable  of  ^In- 
taining  an  average  oompartment  air  temperature  of  at  least  80  r 
for  all  ground  and  flight  conditions  «disn  operating  in  cold  day 
ambient  conditions  specified  in  MII.-STD-210.  Floor  areas  which 
the  crew  members  and  passengers  will  be  in  coitact  with  for 
extended  time  periods  shall  he  maintained  at  or  above  60  r  during 
all  flight  conditions.  Floor  areas  which  cre^r  members  and  passengers 
will  not  be  in  contact  with  for  extended  time  periods  shall  be 
maintained  during  all  flight  oonditions  with  >n  average  C^oor 
temperature  of  at  least  60”r  with  no  areas  colder  then  40  F.  The 
maximum  floor  temperature  shell  not  exceed  a  level  that  is  hassrd- 
ous  .ir  xjncomfortsols.  Minimum  temperatures  of  radiant  aurfacea, 
excapt  small  local  arses,  to  which  occupants  may  be  ejp>osed  in 
flight  for  periods  longer  then  30  minutes  shall  be  50  F. (S/3.1.1.2.1.2) 

Note»  Paragraph  references  are  to  Beference  >  (MIL-B-384S3A)  and  to 
lieferencs  7  (MIL-A-83116A) . 
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i£IP. 


layatwa  Control.  Automatic  temporature  oontrola  ahall  moot 
tha  roiioiring  raq^ranantai 

(a)  Stea^  atatei  hold  average  oompartment  air  ten^rature 

within  of  setting  selected  by  crew. 

(b)  Translenti  the  tlnrn  required  to  stabilise  within  of 

tile  setting  selected  after  extreme  transients  caused  hy~*englne 
power  changes,  aircraft  isaneuvers  or  change  of  selected  ten^ 
erature  shall  not  exceed  that  specified  by  the  airframe 
contractors  detailed  specification  and  shall  be  held  to  a 
minimum. 

(c)  Manual!  an  eleetr'!>.eal  or  mechanical  means  of  over  riding 
the  controller  ahall  be  provided.  (5/3. 1.1. 2. 1.3) 

Distribution.  TeKg>erature  variation  between  any  two  points  in 
the  enMiope  occupied  by  seated  personnel  shall  not  deviate  morj 
than  S^F  from  the  average  compartment  temperature.  Tenqperature 
differences  outside  the  envelope  of  seated  personnel  shall  not 
vary  more  than  10  F  from  the  average  conqpartment  temperature. 

The  velocity  of  the  air  moving  past  crew  moinbers  or  passengers 
shall  not  exceed  300  feet  peir  minute.  (5/3. 1.1. 2. 1.4) 

Ventilation.  A  fresh  air  ventilation  rate  of  at  least  20  cubic 
feet  per  minute  per  person  shall  be  provided  for  the  full 
cong>lement  of  crew  members  and  passengers  during  all  flight  and 
ground  conditions,  except  that  the  minimum  ventilation  rate  for 
passengers  on  high  density  personnel  transports  may  be  13  cubic 
feet  per  mJnute  per  person.  i  |The  minimum  airflow  rate  into  the 
compartments  of  pressurised  aircraft  for  all  flight  conditions 
shall  be  at  least  1.8  times  the  maximum  allowable  production 
leakage  7ate.  (5/3.1. 1.2. 1.5) 

Ram  Air  Ventilation.  An  emergency  ram  air  ventilation  system  that 
will  provide  uncontaminated  air  as  above  during  failure  of  the 
normal  aircraft  cooling  provisions  shall  be  incorporated  in  all 
aircraft  that  do  not  use  ram  air  as  the  normal  means  of  ventilation 
(5/3. 1.1. 2. 1.6) 

Contamination.  Air  a!^>plied  to  occupied  compartments,  regardless 
Of  origin,  shall  not  cause  compartment  oontamination  levels  in 
excess  of  the  maximum  allowed  by  MZX.'«S11>»800  and  BulWtita  5^. 
(5/3.1.1.2.1.7) 

MotS!  Paragriq)h  references  are  to  Reference  5,  MXL«E~38453A. 


CooXinq.  Cooling  mv  bo  by  oir  oyolo  — — tlnij  Yifflitr  nynll 
roftigoration ,  r«i  nir,  floopartnont  air*  oavandbblo  ooMlilvbi» 
haat  storaga  natoriala,  tharaoalaotrlc  rafrlgaratlon  or  sloilar 
tachnlquaa*  (S/3.2.2.2.1) 

Vapor  Cycle  Refrioaratlon.  Saa  saction  3. 2. 2. 2. 1.2  of  NIZ<>B» 

Air  Cycle  Rafrloar^tion.  Saa  M1L-A-83116A.  Soma  highlights  arit 
sunmar'isaa  balowi 

(a)  it  shall  be  an  intagral  part  of  the  BCS  (7/3.5) 

(b)  non- opa rating  oosmonants  shall  hava  a  life  equal  to  that  of 
the  weapon  system  (7/3. 5. 3.1) 

(c)  operating  oonponents  which  can  be  overhauled  for  not  «K^a 
than  65%  of  the  initial  cost  shall  hava  minimum  endurance  lives 
as  follows  (7/3. 5. 3.1  and  3. 5. 3. 2) 

Cargo  and  bomber  aircraft  3000  hours 


Fighter  and  trainer  aircraft  2000  hours 

Missiles  500  hours 

All  others  1000  hours 

(d)  the  subsystem  shall  be  designed  for  maintenance »  other  thm 
overhaul  of  the  air  cycle  madiina*  at  organisation  and  field 
maintenance  levels  (7/3. 5. 4.1) 

(e)  filters  and  water  separator  coalescers  shall  not.  under  ncrmal 
conditions,  require  removal  from  the  air  vehicle  for  cleaning  in 
less  than  500  hours  of  operation  (7/3. 5. 4.1) 

(f)  turbine  inlet  nossles  shall  be  replaceable  as  a  single  unit 
(7/3.7.1.13) 

(g)  the  air  cycle  machine  shall  be  so  designed  as  to  avoid  adverse 

effect  of  entrained  moisture  or  ioe  (7/3.;7*l.  11)  : 

E  lapsed  Tim|i^ ^Ijjndiqators .  Refrigeration  ua^ts  shall  heea  e lap aed 
time  meters  reading  up  to  9999  hours  which  can  be  read  easily 
without  mirrors  and  not  be  easily  damaged.  (7/3. 7. 1.3) 

^otet  Paragraph  references  are  to  Reference  5  (MIL-E-38453A)  and 
to  Reference  7  (MIL-A-83116A) . 


WatT  Separation.  ••paraton  shall  ba  inatallad  as  far  as 

possxDia  ^nslrssffi  from  tha  tuxbina  Mlass  sapanHfeiam  is  by  a 
raganaratlva  hast  axohanga  prooaas.  hn  intagral  bypass  valva 
>4hl^  will  allow  airflow  around  tha  saparator  if  tha  normal 
passa^a  is  blodcad  by  dirt  or  ioa»  so  loeatad  that  its  oparacion 
will  not  ba  pravantad  by  ica  build  up.  Saparatprs  exposad  to 
tha  possibility  of  fraasing  condition  shall  ba  protaetad  by  an 
anti  fraasa  control.  <’ha  iralva  controlling  tha  warm  air  flow 
to  prevent  fraasing  shall  fail  elosad.  (3.7.4. 1) 

Lvterieation.  Air  cycle  Moines  and  high  spaed  fans  which  use 
wa t  sump'nnSbrication  shall  not  require  dianging  or  addition  of 
oil  at  intervale  of  less  than  500  hours  of  operation.  Those 
using  other  types  of  lubrication  shall  not  require  dianging 
or  addition  of  oil  at  intervals  of  lass  than  1000  hours.  (3.5.4. 1) 


Motet  Paragraph  references  are  to  Reference  1,  MIL~A*83116A 


Table  A€A 

liquiw>ant  Condi  tlbnltwr 
ParfQgwanca  and  Punetlenal  Itagelrctnents 


Eouluiaant  and  Saulpuant  Coroar tawnta. 

Conditioning  aa  required  by  the  equipment  specifications  and 
the  results  of  analyses  and  evaluations  accomplished  in  accordance  with 
MiTi*STD*890  and  HlL-5o83210  shall  be  provided  for  equipment  and 
equipment  oompartments.  (3.1. 1*2. 2) 

Electronic  ETUipment  Cooling* 

The  cooling  pro/isions  for  electronic  equipment,  excluding  the 
means  for  distribution  of  the  coolant  media,  shall  provide  cooling  for 
an  electronic  heat  d;.sslpation  load  25  percent  greater  than  the  on-board 
electronic  equipment  heat  load  of  the  first  production  aircraft.  This 
excess  capacity  is  intended  for  future  equipment  that  may  be  added  to 
the  aircraft  during  service  usagei  therefore,  an  additional  allowance 
in  excess  capacity  for  equipment  that  might  be  added  during  the  devel¬ 
opment  phase  prior  to  production  and  for  possible  increases  in  heat 
dissipation  of  equipment  over  that  assumed  for  the  equipment  at  the  start 
of  the  program  shall  be  made  in  establishing  the  total  system  cooling 
capacity  at  the  start  of  an  aircraft  development  program.  The  appro¬ 
priate  environment  for  both  operating  and  nonoperating  equipment  shall 
be  maintained  during  all  flight  conditions  and  all  aircraft  groung 
operational  oondltlons  with  ground  ambiont  temperatures  up  to  125  F 
and  ground  humidity  levels  within  the  range  defined  by  figure  1, 
including  engines  at  idle  speed.  The  ram  air  cooling  systems  for 
electronic  equipment  shall  have  provisions  to  assure  that  tlie  equipment 
will  not  be  adversely  affected  during  the  flight  in  rain  with  rain  fall 
rates  up  to  6  inches  per  hour.  (3. 1. 1. 2. 2. 1) 

Free  Convection  Air  Cooling. 

Compartments  containing  electronic  equipment  in  accordance  with 
MlL-C-5400,  which  arc  cooled  by  ambient  free  convection,  shall  be 
supplied  with  sufflcclnt  conditioned  air  to  maintain  the  ambient 
temperatures,  throughout  the  conditons  of  3. 1.1.2. 2.1,  within  the 
specified  maximum  and  minimum  temperature  and  altitude  limits  for  the 
particular  class  of  equipment  as  defined  in  NIL-E-5400.  Free  convection  ^ 
cooled  equipment  shall  be  limited  to  the  operating  environment  for 
v^ich  the  equipment  was  designed  and  tested.  (3. 1.1. 2. 2. 1.1) 

Internally  Forced  Air  Cooling. 

Force  air  cooled  equipment  shall  be  provided  with  the  cooling  air 
temperature  a.id  weight  flow  specified  in  the  equipment  specification. 

Note:  Paragraph  references  are  to  Reference  5,  MIL-E-38453A. 
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and  prasavra  aabianta  eoapatibla  witli  tha  anvironaant  to 
ohioh  tha  aquipamit  aaa  daaigoad  and  taatad  ahall  ba  providad.  In 
Instaneas  ahara  it  it  psomad  to  Inatall  aqaipiiant  in  ooayarttnta  with 
anblant  tMparatura  that  la  aora  aavara  than  tha  tMparatura  to  udiieh 
tha  aquipaaint  has  baan  taatad,  a  thanuil  analysis  that  will  show 
satisfactory  funotional  and  reliability  parforaanea  aay  ba  aooaptabla 
in  liau  of  a  rataat.  Coolinp  air  toroad  diraotly  ovar  tha  aorfaoa  of 
Ainiaturisad  or  basic  alaetronie  eosponants  shall  ba  totally  void  of 
antrainad  anistura*  (3.1.1«8«2.1,2) 

Cold  Plata  Forcad  Convaction  Air  Coolad. 

Air  aoppliad  to  oold  plata  forcad  convaction  ooolad  units  shall 
naat  ^a  tasparatura  and  waight  flow  or  haat  rajaotion  raquiraaanta  of 
oa^  aquipaant  spaoifieation*  (3.1»1*2*2*1.3) 


Forcad  Convaction  Licuid  Coolad. 

Liquid  coolant  auppliad  to  forcad  convaction  liquid  coolad  aquip- 
mant  ahall  ba  at  flows,  tanparaturas ,  and  prasauras  apaoifiad  by  tlia 
aquipmant  detail  specifications.  All  line  raplaoaable  units  of  the 
liquid  cooling  loops  shall  have  aalf-sealing  disoonnacts.  Liquid 
coolant  oonnaotions  to  tha  aquipaiant  being  ooolad  shall  ba  a  salf- 
sealing  and  a  quiok-diaoonnedt  type.  (3. 1.1. 2. 2. 1.4) 

TasHparatura  Control. 

The  range  and  rata  of  fluctuation  between  sdniimw  and  aaximua 
electronic  equipaant  operating  tanparaturas  shall  ba  aiaiaisad  and 
should  not  exoaad  that  naoassary  to  provide  tha  spacifiad  aquipaant 
reliability  axcopt  during  aaarganoy  raa  air  operations.  The  inlet 
cooling  air  tasparatura  and  flow  rata  to  forced  and  asbiant  ooolad 
electronic  equipaant  should  ba  controllad  to  prevent  ovarcooling  and 
assure  no  problasa  d\'a  to  aoistura.  (3. 1.1. 2. 2. 2) 

Distribution. 

The  cooling  air  shall  be  distributed  to  aa^  unit  of  aquipaant 
in  accordance  with  the  cooling  raquiraaants  datarainad  as  spacifiad 
in  3. 1.1. 2.2  and  3.1. 1.2. 2.1.  Hhan  planus  ehasbars  (integrated  aquip¬ 
mant  racks  and  distriaution  systaa)  are  used  to  supply  cooling  air  to 
several  units,  tha  affects  of  tasparatura  rise  and  pressure  loss  shall 

Hotel  Faragri^ph  rafarancas  are  to  Rafaranea  S,  MZLi-B-3t4S3A. 


TabU  A6A 


Equiproent.  Condi  tioniiy 

Parforroanca  end  Funotional  R»cmir—»nta  -  Cont^imad 


ba  taken  Into  account  In  datarminlnq  oooling  raquiramants.  Allowaneas 
for  Improper  flow  balancing  and  system  leakage  shall  ba  Ineludau  in 
tho  cooling  requirements.  Cooling  air  ducts  routed  through  oompartmsnts 
in  which  high  ambient  temperatures  or  humidity  can  exist  shall  be 
insulated  to  prevent  excessive  heat  gain  or  condensation.  Itten  equip¬ 
ment  is  cooled  by  exhaust  air  from  occupied  compartments  *  sufficient 
redundancy  shall  be  incorporated  to  insure  that  no  single  failure  in 
the  occupied  compartment  cooling  circuit  will  result  in  equipment  over¬ 
heat.  Flexible  ducts  shall  be  in  accordance  with  NZL-n-8796.  All 
other  ducting  shall  meet  the  flame  resistance  requirements  of  MIL-Il-8796. 
(3. 1.1. 2. 2. 3) 


Contamination. 

Mr  delivered  to  the  interior  portions  of  internally  forced  con¬ 
vection  air  cooled  electronic  equipment  shall  not  contain  more  than 
0.1  gram  of  solid  contaminants  per  pound  of  air»  and  95  peroent  of  the 
particles  shall  be  less  than  20  micron  in  8ise»  and  no  particle  shall 
be  greater  than  50  micron.  (3. 1.1. 2. 2. 4) 

Emergency  Cooling. 

In  the  event  of  failure  of  the  normal  mode  of  cooling,  an  alternate 
cooling  mode  through  the  use  of  ram  air  or  another  cooling  unit  if 
available  shall  be  provided  for  all  mission  essential  electrical  and 
electronic  equipment,  weapons,  and  any  other  applicable  compartments, 
which  are  not  normally  cooled  by  ram  air,  to  enable  sufficient  cooling 
of  the  equipnmnt  for  mission  ooRq>letion  as  long  as  ram  air  temperatures 
are  below  120''f.  The  emergency  ram  air  controls  shall  be  designed  so 
that  the  normal  supply  of  cooling  air  to  the  equipment  end  equipment 
compartment  is  shut  off  and  compartment  pressure  is  released  when  emer¬ 
gency  ram  air  is  selected.  Reverse  flow  through  the  emergency  ram  air 
circuit  shall  be  prevented  unless  it  is  configured  to  act  as  a  dump 
function.  (3. 1. 1.2. 2. 5) 


Sote»  Paragrai^h  references  are  to  Reference  5,  MIL-R-3R4S3A. 
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T«hU  A6B 


Bqttip— nt  Conditioning 
Dptiqn  Rpgulrp— nt« 


Bottlppint  and  Bouipwiit  Cowpprtwtnt. 

TMppratur*  oontrol  for  oquipnont  and  oquipmont  oonportntnts  shall 
bs  autoBwtio.  An  indioati<m  ox  ovsrtsMpsraturs  oonditlons  shall  bs 
providsd  to  ths  orowmanbera.  0.3.3.2.S.2) 

Tha  ooollnq  air  shall  bs  pxoportlonsd  to  ths  squipnsnt  In  acoordanos 
with  ths  ooollnq  tsquirsmsnts  of  ths  applieabls  spseifloation. 
Insulation  to  prsvsnt  sxossslvs  hast  gains  shall  bs  installad 
around  tha  aqulpmant  and  aqulpmant  eompartiMnt  distribution  ducts 
^sn  ducting  la  routsd  through  compartsisnts  capable  of  high  amblsnts* 
llhsn  cooling  of  aqulpmant  Is  acoomplishod  with  the  air  aidiaustod 
from  occuplad  ooinpartmants»  aufflclant  radundancy  shall  ba  Incor- 
poratad  In  tha  provisions  that  indues  flow  to  tha  aqulpmant  to  Insure 
that  no  single  failure  will  results  in  aqulpmant  overheat.  Flexible 
ducts  shall  be  in  accordance  with  MIL-Il-8796.  (3. 2. 2. 2. 6. 2) 

Contamination  Control. 

I'lhan  filters  are  used  for  contamination  control »  the  quantity  and 
typo  of  filters  shall  ba  minimised.  The  filters  shall  be  located  for 
easy  accessibility  for  inspactlont  cloaningi  and  replacement.  The 
filters  on  aircraft  that  may  be  exposed  nuclear  particulate  matter  end 
dtiamleal  and  biological  warafara  agents  shall  be  designed  witli  a  remote 
handling  capability.  (3.2.2;2.B) 


Note?  Paragraph  references  are  to  naferance  5,  M1L>f:»38453A. 
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Table  A7A 

Anti-Icing  of  Moa-Tranaparent  Areaa 
Perfogaance  and  runcttcaal  Receigeiwenta 


Areaa  to  be  pgotecte<U  Protection  is  to  be  provided  as  follows 

Radowes  and  antennas  if  required  to  maintain  radar  or 
communications  efficiency. 

Flight  surfaces,  pylons  and  external  stores  all  on  which  ice 
build  up  or  shedding  would  cause  1 light  nasard,  engine  damage  or 
significant  deterioration  of  performance. 

Ram  air  inlets  Ram  air  inlets  and  emergency  ram  air  inlets 
supplying  cooling  to  air  conditioning  packs,  electronic  equipment, 
and  compartments  unless  operation  under  icing  conditions  is 
possible  without  detrimental  ice  build  up  that  could  seriously 
impair  air  conditioning  performance  or  equipment  cooling  or 
damage  system  components.  Protection  is  to  be  provided  for  guide 
vanes  or  at  abrupt  changes  in  direction. 

Meteorological  Conditions.  As  shown  in  Figures  A2  and  A3.  (5/3. 1.2.6) 

Flight  Conditions.  The  following  are  the  design  flight  conditions; 

(1)  Climb  at  speed  for  taaxinum  rate  of  climb. 

(2)  Cruise  at  speed  for  maximum  range  at  normal  operating 
altitude,  if  this  is  less  than  20,000  feet. 

(3)  Descent  at  speeds,  rate  of  descent,  and  engine  power  as 
recommended  by  the  manufacturer  and  approved  by  the  procurring 
activity.  (9/3. 3. 2) 

If  the  design  mission  of  the  aircraft  requires  intermittent 
operation  below  20,000  feet  typical  conditions  including  high  and 
low  speed  shall  be  included  as  design  points.  (9/3. 3. 2.1) 

Ground  Operation.  The  system  shall  be  capable  of  operation  on 
the  ground.  (5/ 3. 6.3) 

Anti-Icing  Jtandards  for  Speeds  less  than  Curve  A  of  figure  A4, 
complete  evaporation  oi  all  lirplnging  water  droplets  at  15*F 
unless  the  entire  surface  is  heated,  in  which  a  running-wet 
surface  is  allowable  with  a  minimum  surface  temperature  of  3S°F 
at  Oy  ambient  temperature.  (9/3. 3. 2) 

For  Speeds  greater  than  Curve  A  but  leas  than  Curve  D  the  system 
neat)  only  provide  a  running-wet  surface  at  (^*f  anubient  since  the 
runback  will  not  freeze.  (9/3. 3.4) 

Note;  Paragraphs  are  to  Reference  5  (MIL-E-38453A)  and  to  Reference 
9  (MIL-A-9482j  .  « 
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Ai^t^-iclngLAf 

Performance  and  Functional  Requirements  -  continued 


For  sneeds  tfteata^  then  Curve  B  no  anti-icing 
except  tor  landing  an(^  take  oft.  For  this  case  the  contractor 
shall  recommend  and  the  procurring  activity  decide  wheth#^  an 
anti-icing  system  is  needed.  (9/5, 3, 5)  ,  -rr 


Note ;  Paragraph  reference  is  to  Reference  9,  MIL-A-9482, 
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n««t  Sojorc^.  Thermal  anti-icing  aystema  meat  conform  to  MIL-A- 
9f82,  The  primary  heat  aouroe  ahall  be  hot  air  obtained  from 
oongireaaor  bleed,  exhaust  gaa  heet  exdiangert#  nlxtdcea  of 
oompreasor  bleed  air  and  exhaust  gases  or  combustion  heaters. 
Electrical  heating  may  be  used  for  small  aroas  where  it  is  more 
oonvetiient  or  where  it  induces  less  penalty  to  aircraft  performance 
(9/3.  S/1) 

Scoops  and  ducts  leading  to  exhaust  gas  heat  exchangers  or 
omnbustian  heXters  which  provide  heat  for  anti-icing  shall  be 
electrically  heated.  (9/3.5. 2} 

When  mote  than  a  single  source  of  heated  air  is  used  to  furnish 
heat  for  the  anti-icing  system,  the  several  sources  shall  be 
manifolded  together  so  that  4>n  the  event  of  the  failure  of  one 
heat  source  the  remaining  heat  supply  can  be  distributed  to  all 
the  surfaces  to  be  anti-iced.  (9/3. 5.3) 

Hot  air  cycle  or  electrical  cycle  de-icing  and  anti-icing  may  be 
used  when  designed  and  installed  in  accordance  with  an  approved 
contractor  specification.  (5/3. 2. 3. 5. 3) 


! 


Motet  Paragraph  references  are  to  Reference  5  (MII-E-38453A)  and 
to  Reference  9  (MIL-A-9482) . 
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Prom  MIL-n-3845^,  .2f  D«c«rt»«r  1971  ' 

FliQht..Swffiio»«  Inl»t.  nd  R>abm6  J^ti-Iciiiia.  !  ‘, . 

Flight  testing  of  flight  surface  and  inlet  antl-iciiig  .p^oirieions 
shall  be  accomptllfhed  in  aeoordanoe  with  Hll>A-9482  end  denetstr^ted 
by  flight  in  natural  or  simulated  icing  conditions.  Flight  testing 
of  radome  anti-icing  provisions  Shall  be  accomplished^  wi,^  ^^proc^dures 
given  in  MlL-A-9482  for  flight  eurfeces,  and  demonCtrjsted  ^  flight 
in  natural  or  simulated  icing  conditions.  Mhen  flight  iur»u»  t>3^ 
inlet  anti-icing  provisions  are  not  provided,  fllgnts  shall  he  made 
with  simulated  ice  build-up  shapes  installed  to  demonstrate  that: per¬ 
formance  is  not  degraded  below  a  minimum  acceptable  level.  (4.10.7.7) 

From  MIL-A-9482,  2  September  1954 

Flight  Tests. 

Flight  tests  shall  be  conducted  to  demonstrate  control  system 
operation,  temperature  indication  operation,  operation  of  ovorheiat 
warning  or  control,  freedom  from  overheating  and  detrimental  effects 
of  differential  expansion.  In  addition,  a  complete  thermal  survey 
shall  bo  conducted  to  determine  Uie  heat  available.  These  tests 
shall  he  conducted  in  dry  air  unless  otherwise  specified  by  the  pro¬ 
curing  activity,  but  should  be  conducted  with  sufficient  detail  and 
accuracy  to  permit  extrapolation  of  the  results  to  actual  icing 
conditions.  Flight  conditions  shell  include  at  least  the  following; 

(1)  normal  takeoff  and  climb  to  operating  altitude 

(2)  'lormal  descent  and  landing 

(3)  Level  flight  at  speed  for  maximum  endurance,  maximum 
speed,  and  an  intermediate  speed  approximately  halfway 
between  these  speeds  at  5,000,  12,000,  and  20,000  feet 
altitudes  (4.2.3) 

Instrvimentation  shall  be  Installed  to  determine  the  qvmatity  and 
temperature  of  air  from  each  heat  source  and  the  temperature  and 
quantity  of  airflow  in  all  main  distribution  ducts.  At  least  3  wing 
stations  on  one  side  of  the  airplane  and  2  stations  on  one  horizontal 
and  vertical  tail  surface  shall  be  instriunented  to  proves  a  chordwiao 
profile  of  exterior  and  inner  skin  ten^eratures  as  well  as  teiqperature  ; 
drop  and  airflow  through  the  double  skin  passages.  The  remaining  wing  I 
and  tail  surfaces  shall  have  sufficient  instrumentation  to  Insure  that | 
they  are  receiving  the  same  heat  supply  as  the  completely  instrumented | 
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saotion.  Sttffiolant  struotural  tcnparaturas  shall  be  nsasurad  to  ensure 
that  struoturalovorheating  does  not  ooeur*  Shleldsd  thensoosuplsw  shall 
be  used  for  nsaaurlng  air  teoperaturea  in  locations  ehere  ther  im  a 
substantial  difference  between  air  tenperatura  and  the  surrounding 
Mtal.  If  there  are  discontinuities  in  the  heated  areas,  sufficient 
tesperature  neasucestsnts  shall  be  aade  to  detemdLne  the  effect  of  the 
heat  flow  from  the  heated  to  the  unheated  area.  Thermocouples  used  on 
airorgft  to  be  tested  by  shall  be  o^^r  oonstantan  to  teduos 
the  effects  of  oorro:)ion  on  instrumentation  reliabill^.  Surface 
temperatures  and  heat  supply  shall  be  neasvored  on  scoops  or  otiier 
misoellaneotjs  items  provided  with  anti-icing  protection.  (4 .1. 3. 11 


JVrcca  to  ^Trotoof  iU  l?i«dhBh4»ild  ami  botfibardiara  and^^  \ 

o^ii  areas  oa&tiAt^ai  to  th^  ndtfBion  df -tha  atii?ertift 
scan<iin<7  and  algh^im}  stations,  as4»ro<9omes ,  esnttra  vfindodS, 
aroaa  requirod  by  tho  pilot  or  cO^pilOt  to  aeOonplisli  ovosivo 
action,  areas  rc'iuired  hy  tho  fii^t'nan<9ihe<^  to  check  opera tioei^  '  ^ 
of  cnaiTiDs  or  control  surf acna  shall  4^  proWOted. 

1=* light  Condi tiona.«  All  oonditl one  ot  flight.  ' 

Porfomanco.  b’indshielrt  and  bonibardinrs  panel:  heat  to  be 
Guppllcd  to  exterior  a:i  re-iuired  in  MIt.-t«584  2A  paragraph  3,7.1. 
Otiior  niunion  oasontinl  areas:  sufficient  to  maintain  primary 
function.  (6/3. ”.l) 


’loto : 


Par.inraph  referoncco  arc  to  Refer nnco  5, 
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IWthoda.  (toy  b«  hot  ais  j«t  blMt»  •Xaetrioal  oonduotiva  coatings 
or^pRIrarad  radiation.  For  araaa  othor  than  oindahialds  and  tiia 
bontoardiara  panal  liquid  apriqf  or  axtandabla  ahialda  or  daflaotora 
may  alto  ba  uaad.  (6/3. 7.1.1  and  3.8.3) 

Qviarbaat  Frotaction.  if  tha  daaiqa  ia  auah  that  ovartiaating  ia 
pqaaXbMOnSaraSSa  ground  or  flight  oonditiona  tanparatura 
liiaiting  davicaa  ahall  ba  inatallad.  It  alaetrioally  oonduotiva 
eoatinga  ara  uaad  a  aaparata  control  aanaor*  ovaxhaat  aanaor* 
tanparatura  oontrollar  and  powar  aourea  ahall  ba  providad  for 
aaelt  panal.  Poaitiva  powar-off  action  ahall  raault  in  tha  eaaa 
of  a  control  eirouit  nalfimotion  or  failure  that  could  raault 
in  ovarhaat.  (6/3. 4. 1.2,  3.11.3  and  S/3.2.S.1) 

Control.  Whan  alactrically  gonduotiva  ooatinga  or  infrarad 
aouroaa  ara  uaad  thay  ahall  incorporate  an  autoamtie  tanparatura 
control  oparatad  by  a  tanparatura  aanaing  aloaant  in  tha 
tranaparant  araa.  h  multi  ooaition  awit^  having  not  laaa  than 
an  off,  low  (approximataly  1/2  total  pewar)  and  high  poaition 
ahall  he  uaad  to  operate  tha  ayatam.  (6/2.11.1.3) 


!lota I  Paragraph  rafaroncas  arc  to  lUsfarance  3  (MII.-C-384S3A)  and 
~  to  Rafaranca  6  (MIL-T-5042A) . 
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Ar.a«m  fcp  bo  rro:t««etod»  iffiiH!shl«£i*»  and  bc^ar^eru 
transparent  oroao  aoaantlal  to  thr  ^sslon  of  too  aircraft  audv 
aa  scanning  or  sighting  ststltma,  ss^fTodOMOs,  camera  vin^v/s,  ~ 
areas  re  iuircfl  by  tho  pilot  or  co»pilot  for  evasive  arti.on> 
areas  reguirod  by  tlic  flight  engineer  to  checl:  onort^tj^iv  Of 
ongineo  or  control  surfaces,  sross  regoire^  Cor 
protocced,  (3«$.l)  ’  V  ;  '  ‘  V  ”7 

,  -  I  .  ?  I  H  Vkt  -  --------  -= 

night  CogaitioM*  All  conditions  of  flight,  inclucling  fligljt'7 
at  OTnstant  altitude.  Additionally  for  combat  aircraft,  during 
r  rapid  descent  from  altitude  (mavimum  rate  of  doncent  4t  Xi^it 
dive  speed  from  service  ceiling  tc  sea  Invtl  and  ratd  of  des^nt 
at  rcconronded  descent  speed).  (3.0.4  and  3.0.5) 

AtMosphcric  Conditions,  trith  saturated  air  witliin  the  Goc^<artmpnt 
at  all  temperatures  and  altitudes,  including  noisturo  output  of 
0.5  pounds  per  hour  per  occupant.  ’External  anhient  air  temperature 
-5  5  r  fron  oca  level  to  25,000  foet,  then  decroaaintj  linicarly 
vith  increase  in  altitudqs  to  -90”P  at  5D,00P  feet.  Constant  at 
-00  above  50,000  feet.  (3.0. 2.1  and  3.0.3) 

Cround  Jpnration.  uystet.'.s  shall  ba  capable  of  clearing  the 
and  tl.onc  areas  require  1  for  ground  handling  and 
operation  during  ongino  warta-up,  taxiing,  ta’uj-off  .ind  toucItdc>./n. 
(3.''.7) 


'Tote ;  Paragraph  references  arc  to  rieforence  ’  , 
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Datwtlwft  na  PagotHfia«t  toaaa 

Daalgb  baguirwnf 


Ma^oda*  Nay  oonaiat  of  hot  air  jots,  doubU  panas  with  hot  air 
batwaan  panaa*  doubla  panaa  with  dry  air  inaulating  gap* 
alaetrioally  oonduetiwa  ooatinga*  infrarad  radiation*  hunidlty 
f»atrol  of  oabia  air  or  any  ooid»ination  of  thaaa  m^thoda.  (6/3.9. 6.1) 

Ojju^i^atJProtas^ion.  If  ovarttaating  of  tha  tranap\rant  area  or 
any  part  of  taa  aystaa  ia  poaaibla  undar  aoan  ground  or  fli^.t 
oonditiona*  ^a  tai^paratura  liaiting  davioaa  ahall  ba  provioad 
to  pravant  thia  ovarhaating*  (6/3. 11. 3) 

Coiutrgl.  If  hot  air  ia  uaad*  tha  ovarhaating  af facts  in  occupied 
ooaipar^aanta  ia  to  ba  adniadaad.  If  a  power  operated  shut  off 
valve  ia  uaad  a  annual  backup  ahall  ba  provided.  Khan  alaotrieally 
oonductiva  coatings  or  infrared  sonrcaa  are  used  solely  for 
defrosting  and  dafogging  (i.a.*  net  for  anti-icing)  they  shall 
incorporate  an  autosattic  tasparatura  control  ragulatad  by  naans 
of  a  teaparatura  aanaing  alamant  in  tha  transparent  area  and 
operated  by  an  *ON-OPP*  switch.  (5/3. 2. 3.1  and  6/3.11.1.4) 

Chancel  Hwaddity  Cwitrol.  If  chemicals  are  used  to  control 
huaiu^  of  ua  cabin  or  tranaparant  area  dafogging  and  defrosting* 
oonaidaratidn  ahall  ba  given  to  a  continuous  system  in  tdiich  the 
reactivation  process  is  contained  within  the  system.  If  a  self 
reacti  vating  system  ia  not  used  the  cdiemicals  shall  be  in  a 
container  which  may  be  readily  teplaced  or  removed  for  reactivation. 
The  minimum  allowable  period  between  replacements  or  reactivations 
shall  be  10  flights  undar  the  maximum  condition  of  moisture  remove  1. 
(6/3.9. 6) 


Notes 


Paragraph  references  are  to  Reference  5  (MIT.-E-38453A)  and 
tc  ^ferance  6  (NIL-T-5642A) . 
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Aroy  to  prot<»ct«d«  Pi^ot  and  do^pHot  wlndshlalda*  Sanaor 
windows  lor  ali  in-cil^t  oonditiona  for  which  sansor  oparation 
Is  raqulrod.  (S/3. 1^2.2  and  3,1.2.3) 

Weal^r  Condi ^ena «  Uaavp  rain  (0.59  laohaa  par  hour,  ISOO 
inicirametar  madian  d|»plat  diaatttari#  anaw»  and  axotasiva  rain 
(.16  inchas  par  hour,  2300  adoroaatar  madian  droplut  diaaatar) . 
(5/3. 1,2,2) 

Flight  Condltiona.  h  auffieiant  araa  ahall  ba  ela^rad  in  haavy 
rain  an^  in  anew  undar  tha  following  oonditiona  t 

(1)  ground  taxi,  taka  off,  landiat  approach  and  landing 

(2)  in-flight  rafualling,  if  raquirad  balow  20,000  faat 

(3)  laval  flight  at  1.6  timas  tha  stall  spaed  at  maxiasaa 
weight  with  flaps  and  gear  ratraetad  for  fixed  wing  aircraft 

(4)  maximum  cruise  spaed  for  rotary  wing  aircraft 

In  excessive  rain  sufficient  clearance  ahall  ba  provided  to 
enable  a  safe  landing*  (S/3.1,2.2  and  3. 1.2. 3) 

Araa  to  be  Cleared.  This  is  astabiishad  by  rain  tunnel  tests  on 
a  moclcup .  ( s/I,  1. 2.2) 

Metho^.  Jet  blast,  rain  rapellant  or  wipers.  If  jot  blast  is 
usod  it  must  provide  sufficient  flow  for  all  ground  and  flight 
conditions  including  the  minimum  power  settings  normally  associated 
with  descent,  flare,  throttledown  and  taxi.  Excessive  window 
temperatures  shall  be  sensed  and  a  caution  light  provided. 

(5/3. 2. 3, 2) 


Note:  Paragraph  references  are  to  Reference  5,  HZL-C-38453A. 


lU 


V' 


\ 


nlsslona  of  tho  airotoft  toqulro  low  lovol 
iiiqnt  o^r  tno  oooans  or  along  tha  coast  (salt)  or  ovor  land 
(Insoots  and  dust)*  vortical  taka  off  and  aircraft  sitall 

hava  a  washing  syatan  for  naintaining  tha  pilot  and  co-pilots 
windshiald  fraa  of  dust*  (S/3.1.2.4  and  3.1.2.S) 


•  Pilot  and  co-pilots  windshiald  and  aaasor 
and  3,1.2.S) 


Duration*  Naximaii  duration  of  low  laval  flight  during  ona  adssion 
(V3.1.2.4  and  3.1.2.S) 


•  Qua  120  adlligran  insaot  for  20,000  cubic 
.2.S) 


Washing  Sys^n.  This  shall  includa  a  rafi liable  raaarvoir  with 
na^  provisions,  a  anana  for  dataradning  fluid  laval,  and  a 
blaad  purging  line  ox  a  noaala  drain,  Tha  washing  fluid  ahall 
ba  non- toxic,  nonflananbla,  non-oorrosiva  and  ahall  not  hava 
any  advarsa  af facts  on  tha  windshiald  or  any  othar  aircraft 
materials.  If  fraasing  of  tha  washing  fluid  can  occur  than 

(a)  the  fluid  storage  and  supply  equipment  shall  not  fail  as 
a  result  of  repeated  fraase  and  thaw  cycles 


(b)  the  fluid  shall  be  provided  to  the  tranaparanesy  in  sufficient 
quantity  when  required.  (5/3.2. 3. 4) 


Mote  I  Paragraph  refarenoas  are  to  Raferance  5,  Nir-E-38453A 
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TabU  A  13 

OxvQ>n  8vf »  Raottiraiwnta 


Raqulatof* 

Panal  ■ountadi  An  nutomatlo  dilutnr  danand-pTMaur*  branthlng 
ragulntoir.'  IT  dimrdanoa  with  ltXL»ll-25410  or  mL-R*S3178  (IIS27S99) 
aa  applioabla,  ahall  ba  inatallad  at  aach  pamanont  and  tamporary 
craw  atation  in  tha  aircraft*  fha  pi  lot 'a  panal  aowntad  rapulator 
ahall  ba  loeatad  in  aeoordaaca  with  IIZIi>8Tl>»20S*  Tha  craw  wawbar'a 
rapulater  ahall  ba  in  tha  craw  aoabar'a  fiald  of  viaion  ao  that 
ha  oan  raadily  road  tha  ragulator  without  aora  thuk  taring  hia 
hand  and  with  oinianim  intar faranea  with  hia  flight  dutiaa*  Tha 
ragulatora  ahall  ba  loeatad  aa  oloaa  to  tha  atationa  aa  ia  raquirad 
to  raa^  tha  ragulator  by  noraal  axtanaion  of  tha  oraw  aaabar'a 
arm.  Tha  ragulatora  ahall  ba  loeatad  ao  that  thay  cannot  ba 
damagad  by  novamant  of  naraonnal  around  than  and  may  ba  aountad 
vartically  or  horiaontally.  Tha  panal  aountad  breathing  regulator 
ahall  ba  inatallad  with  flaxlbla  hoaa  for  both  inlet  and  outlet 
porta,  80  that  tha  ragulator  may  ba  front  aarvicad  for  both 
Inatallation  or  removal.  (10/3.6.3*1  and  11/3.6.2.1) 

Won-panal  mounted t  A  manual  ahut-off  valve  ahall  ba  provided 
at  aaekt  eWnnanbar  ablation  where  a  aaat,  cheat,  or  head  mounted 
ragulator  ia  to  ba  uaad.  Thia  valve  ahall  control  tha  oxymn 
flow  to  tha  ragulator  and  provide  maana  for  atopping  tha  flow  from 
a  dafaetiva  (luick  diaoonnaot  or  a  daiaagad  aupply  hoaa.  Storage 
provlaiona  ahall  ba  made  for  cStaat  mounting  ragulatora  to  prevent 
damage  or  oontamination  during  aarvicing  and  ingraaa-agraaa  actions. 
Non-panal  mounted  ragulatora  ahall  ba  inatallad  aa  apaolfiad  by  tha 
procuring  activity.  (10/3.6.3.2  and  11/3.6,2.2) 

Gauqaa  and  Indicator a.  Liquid  oxygen  totalising  quantity 
inoloatora  ahaxi  ba  provided  at  tha  pi lota  or  co-pi lota  station 
of  aircraft  in  which  more  than  one  converter  ia  installed,  with 
a  rapaatar  indicator  in  aa^  isolated  flight  compartmanta . 

Tha  indicator  shall  ba  within  tha  normal  fiold  of  vision  of  the 
pi lot/co-pi lot/craw  mambar  ao  that  he  may  sea  the  gage  >dtan  in 
normal  operating  of  flight  position  without  turning  his  head  and 
with  minimum  inter faranea  with  his  flight  duties.  (10/3.5,1  and 
3.6.2) 

With  gaseous  oxygen  systems  indicating  Inatrumants  ahall  bo 
provided  at  those  crew  stations  not  provided  witli  panal  mounted 
ragulatora.  Doth  pilot  and  co-pilot  shall  have  oomplata  Indicating 
Inatrumants  while  the  other  craw  msmbars  shall  have  only  flow 
indicators,  except  whan  mask,  halms t  or  ^ast  mounted  ragulatora 
provide  obvious  evidence  and  sensorial  perception  of  oxygen 
flow.  Eadi  additional  craw  compartment  shall  have  a  praaaura  gage. 
A  praaaura  gaga  ahall  be  provided  in  tha  passenger  oompartmant 
so  as  to  be  raadily  visible  to  a  craw  member.  (11/3.5.4).  Notai 
Paragraph  raferancaa  are  to  Reference  10  (MXL-D-19326F)  or  11 
(MlL-D-liC83B)  . 
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Table  A  13 


?en  System  Baoulrements  (continued) 


Location.  The  oxygen  equlpn»nt,  tubing,  and  fittings  shall  be 
located  as  remotely  as  practicable  from  fuel,. 
vater  in  jection ,  storage  tottery  sy s t^M ,  eMiifl^  t  s  tSttoi-  Sifif 
manifolds,  electrical  and  radio  systems.  Insofar  as  brictietfble, 
oxygen  lines  shall  not  be  grouped  with  lines  carrying ‘^llintoable 
fluids  away  from  oxygen  lines,  fittings,  and  equipment.  Whenei?er 
possible,  cylinders  shall  not  be  In  line  with  the  plane  of  rbti^on 
of  a  turbine  or  propeller.  Components  of  the  o^gen  system  shall 
not  be  installed  where  they  will  be  subjected  to  temperatures 
in  excess  of  that  specified  in  the  individual  component  specifi¬ 
cations,  and  no  part  of  thi  system  shall  be  installed  in  an  area 
which  will  be  subjected  to  a  temperature  of  2S0®P  (121^0  (gaseous 
oxygen)  or  350  P  (176”c)  (liquid  oxygen)  or  greater.  0»»gen 
cylinders  or  converters  shall  net  be  located  near  equipment  that 
dissipates  a  high  quantity  of  heat.  (10/3.5.6  and  11/3:5.5;). 

If  two  or  more  gaseous  oxygen  cylinders  are  Installed  they 
shall  be  separated  as  much  as  practicable  to  minimise  combat 
vulnerability.  (11.3.6.1). 

Filling.  The  installation  shall  also  provide  for  replenishing 
the  oxygen  sypply  by  connecting  an  external  filling  source 
directly  to  the  filling  valve.  The  filling  point  shall  be 
located  auch  ^at  the  time  for  gaining  access  for  connecting 
the  external  filling  source  shall  not  exceed  one  man  s^nute 
and  shall  not  create  a  hazard  for  servicing  personnel. 

10/3.6.1  and  11/3.6.1). 


No^;  Paragraph  references  are  to  Reference  10  (MIL-D-19326F 
cuid  to  Reference  11  (M1I.-D-8683B)  . 
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Figure ^4  Effect  of  Speed  on  Icing  Requirements 
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APPFHDIX  B 

EXAMPLE  OF  TEST  INFORMATION  SHEET 
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•*  *1 

— 1 AA-  -J-. - 


)1  OetobM  l«t9 


Th«  BCS  prevld**  coollnn  and  pT«BMrtMttQ«t»  ai  ta^ulrad.  Cot 
tha  cockpit  and  ayionica,  wlnMdatd  antt^fot  and  anct>tca, 
antl'6,  canopy  WMli  and  fuel  pcaaatfriaafclon.  Tha  BCS  uana 
high  tanparatwra*  high  pvaaaata  thtrcoantli  ttaga  angina  cm* 
praaaoT  bleed  alt  iron  olthar  or  both  anginaa.  Bnglna  bload  air  paatoa  tlM^ongli  Khn 
primary  heat  axchangara  and  la  cooled  below  the  auto  ignition  teaperatore  o^  fiMl, 
oil,  and  hydraulic  fluid  prior  to  paaalng  through  the  angina  conpartannt  firawall. 
The  Air  Cycle  Air  Conditioning  Snbayaceai  <ACACS)  tekea  thla  preconditioned  bleed  air 
and  further  eonditiona  it  to  meet  cockpit  and  avioniea  enyirenawntal  reguirennnta. 
Tha  syacau  Incorporatea  a  ligoid  cooling  apitom  for  the  radar  trananitter.  The  mdk' 
pit  will  acart  to  preaaurixa  at  g,000  feat  PA  and  aMintatn  a  cabin  preaaure  altitude 
of  8,000  feet  until  approximately  23,100  feet.  Above  23,100  feet  tha  cabin  ragula* 
tor  maintalna  a  S  PSIO  below  tha  actual  aircraft  altitude.  Some  modiflcationa  to 
the  original  ECS  are:  reanvel  of  the  liguid  rain  repellent  ayatan,  removal  of  the 
ground  cooling  fan  and  replaeeawnt  with  ejector  noaalea  on  the  aacondary  lieat  ea- 
changer,  and  radaalgnad  cabin  and  avioniea  control  volvoa,  controllera,  aanaora,  and 
the  autoganoua  tamperatura  control  ayatan. 


3.0  OVERALL  OBJECTIVE! . 

To  deterinlne  whether  the  Envltonmantal  Control  Syaten  of  the  P>IS  ia  operationally 
.luttable.  Teats  will  be  conducted  primarily  at  tha  APFTC,  with  aoma  of  the  teat 
oh)ecclvea  being  repeated  under  extreme  envlrennental  conditions  in  the  climatic 
laboratory,  Alaska,  Panasn,  and  El  Centro,  California.  Specific  objactlvas  will  be 
expanded  at  a  later  data  to  Include  extrema  environnantal  eonditiona,  where  ap* 
pllcable. 

4.0  SPECIFIC  0B.^ECTIVgS: 


4. 1  OnJECTIVE:  Evaluate  the  normal  operations  of  the  BCS  lihroiighout  tha  design 
flight  and  ground  envelope  of  the  F-IS  aircraft. 

4.1.1  Reeulresnnt  Beterencas;  Ref.  l.l,  1.2,  1.3,  l.v,  1.7,  1.8,  I.IO  and  l.ll 

4.1.2  Test  eonditiona;  All  altitudes  up  to  tha  operational  ceiling  of  the  air¬ 
craft  and  all  airspeeds  up  to  Vmax  at  various  altitudes.  Ground  runs  with  two 
engines  and  single  engine  will  be  performed.  A  ground  run  following  a  host 
soak  will  also  be  conducted.  All  points  will  be  on  a  ride  along  basis.  Spe¬ 
cific  conditions  to  be  flown  ard: 


Flight  Cond. 


Power  Settlna  Maneuver 


Tsksoff 

Takeoff 

Cllsfl 

Clliri> 

Ooacmnt/cllwb 


Nil 

A/B 

Mil 

A/g 

As  gag'd 


Field  elav.  to  2300  ACL 
Field  elov.  to  5000  ACL 
3000  to  50,000  PA 
5000  to  50,000  tA 
Neepons  delivery  made  (roll- 
in  at  10.000  ft  MIL  ami  l.OOO 
fv  A6L  recovery) 

5,000  PA  level 
5,000  ACL  level 
20.000  PA  levol;^ 


'•  Cruise  .  f  • 

vmax 

Cruise 


IBl 

A/i 

Man  Bndaraace 


APPTC  wTtwfoiyAiiowjwmm  «  coummy^M 


^  M 

a 

MOSS 

oatt  1 

31  Oetalar  1373  | 

ntrtit  fmr  Hut"t  ISmmL 


CrwlM 

CrulM 

VIMX 

RapM  P«a««nt 
NorMt  Ooacxnt 


Has  liiinaiie* 
Nm  laAiraae* 
A/1 

Aa  Ai^'4 
Aa  laf*4 


SS.IM  lA  lavat 
M.MO  «A  laaal 
50.000  fk  laaal 
50.000  fl  ta  t.OOO  AflL 
50.000  OA  ta  1.000  AIOL 


4.1.5  at  Procadura:  During  all  flllhta  tla  gtlar  will  utlliaa  tlw  ICS  aaO 
monitor  tha  parferaanca  of  tha  ttt  for  ada^uato  cooHag/haatlng.  ptaaauritatioa. 
alr*'loa,  antl-fogglng,  fual  taidc  praaaurlantlon  (faading),  fwama.  ate.  Tha 
pilot  will  raport  any  dlaeropanelaa,  and.  If  approprlata.  ha  will  taha  an  In* 
atrunantatlon  racord.  Autoauitic  and  amnual  ,tonparatura  control  amdaa  wilt  alao 
ha  liaaatlgatad  by  aalactlng  rarloua  aattlnga  and  allowing  toaparatwraa  and  flow 
ratoh  to  atahlllaa. 


4.1.4  Sooaort’ Saauiramanta;  Talaamtry.  whan  avnllablo  to  auppart  tha  prlnary 
objactlvaa. 


4.1.3  Data;  Pilot  eomnanta.  tlna  hlatory  plota  of  aalactad  paramatara  In 
Tabla  1. 


r  4.2  outer IVB;  twaluata  cockpit  anaironaant  for  anoka  and  fumaa  throughout  AfOrfAt 
I  program. 

4.2.1  kaaulraamnt  tafarancat  laf  1.1.  1.5.  and  1.10.  . 

4.2.2  Taat  Condttlona;  Sana  as  4.1.2. 

4.2.3  Taat  Procaduraa;  Sana  os  4.1.3. 

4.2.4  SwpDott  taaulraimnts;  Sasw  aa  4.1.4. 


4.2.5  Data;  Saaia  aa  4.1.5. 

4.3  OBJtCriVB;  laaluata  ability  of  tha  ICS  to  praaant  airflow  or  prassurisation 

•urgas. 

4.3.1  taautramant  tafaranaaa;  Kaf  1.4  and  1.4. 

4.3.2 


Praat  Alt 


Airapaad 

UJasL. 


1li«attla(a) 

^Jsao* _ 


Ail  gOTTW 


fliauni 

0.0 

40  •  ML  •  4n 

loni 

lot  Ml 

0.4 

71  •  Mil  •  75t 

SOTH 

SSI 

0.4 

73  -  Mil  -  753 

BOffl 

30»' 

0.3 

00  'dilL  -  303 

.  SOSO 

4» 

0.3 

00  •  Mtl  -  003 

SOTS 
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AFf  TC  TUT  W^<><y4TtPH^||1^Tm  •»  COjitHmATlOH 


*  RI’M  r«ng«  will  b«  mkImmi  AlloiMibl*  eonttMtor. 

•  Rt^irva  angtlMs  aa^uunc*  nuabar  036  or  atibaa^uont. 

4.3.3  Taat  ftoyOaraat  Stablltaa  at  polata  in  para 


niNo. 


Mar 


or 


11 


Man 


MTI 


31  October  1073 


4.3.2  and  oaba  rapid  throttle  MaaeMiita.  flret  with  one 
throttle  at  a  ttm,  than  with  both  throttles  almltenabua- 
ly.  If  KCS  aariiaa  are  anceuncarad,  repeat  Maneuver  with  air  aourea  aa lector  In 
LIFT,  and  In  UOIfT  to  try  to  isolate  which  bleed  air  ayataai  ia  cauaint  (be  problai 

4.3.4  SnPDort  Raauirenanta t  Bntlnaa  with  feat  acceleration  packate  (036  or 
■ubsequent  ere  required. 


4.3.5  Dqta;  Tian  history  plotc  of  aalacted  paraaatara  listed  la  Table  1. 


4.4  06J1CTTV8:  Bveluate  cockpit  anvironnanC  durlnt  tun  firing  nisaions  throughout 
prograau 

4.4.1  keoitireawnta  Pefarencet  Rof  1.4  and  l\7, 

4.4.2  Teat  Condi ttona  and  Frocediiresi  Conditions  will  be  on  a  ride  along  basis 
and  sa  spacLCied  during  the  gun  firing  nltalona.  The  pilot  will  conduct  the  first 
several  firings  on  lOOX  oxygen  and  taka  air  bottle  sanples  before  and  following 
the  firings.  The  air  bottle  samplings  will  be  taken  to  detornlne  if  the  cockpit 
is  free  of  noxious  or  toxic  funes.  During  the  remaining  gun  firings  the  pilot 
will  place  his  oxygen  regulbtor  on  normal  oxygen. 

4.4.3  Support  Reqnlremsnts;  A  safety  chase,  gas  sanple  bottles  installed  In  air¬ 
craft  prior  to  flight  (cabin  contasilnation  level  •  Seq  No  55  or  NQSS),  and  gas 
sample  analysis. 

4.4.4  Data;  Pilot  coeawnts,  results  of  gas  sanple  analysis,  and  tin*  history 
plots  of  selected  parameters  from  Table  1. 


4.5  OBJRCTIVE:  Evaluate  ability  of  the  ECS  to  maintain  a  proper  cockpit  presaur- 
Isatlon  schedule. 


4.5.1  geqnlraments  References;  Ref  l.l,  1.2,  1.3,  1.4,  1.6,  and  1.8. 

4.5.2  Test  Conditions;  A  military  power  clia^  from  approximately  3,000  feet 
PA  to  50,000  feot  will  be  accomplished. 

4.5.3  Test  Procedures;  -A  military  power  climb  at  about  .88  IHN  will  be  perforsmd 
beginning  at  5,000  feet  PA.  During  tka  climb  thu  pilot  will  mark  the  altitudes 
in  2,000  feet  increawnts,  l.e.,  8K,  lOK,  121  and  so  on.  If  possible,  the  pilot 
will  also  raad  out  cabin  altitude  during  the  clinib.  Pilot  will  level  off  at 
50,000  feet  and  after  approximately  30  seconds  perform  a  rapid  descqnt. 

4.5.4  Siionort  Reeuirrments;  Barometric  pressures  and  temperature  information 
for  altitudes  up  to  50K  from  the  weather  service. 

4.3.5  Data;  Pilot  comments,  data  frosi  weather  service,  tins  history  and  tab* 
ulated  values  of  SC  40  and  BC04. 

Ifi  6  OBJECTIVE;  Evaluate  the  ability  of  the  ECS  to  provide  and  Mintaia  comfawtalbla 
.emperacuras  and  humidity  ranges  throughout  the  flight  e(4velope. 

4.6.1  Rcoulrcments  Reference;  Ref  l.l  and  1.4. 


APf  TC  Tiff 'NMNMATM^MtnnTItt  ^ 


J. 


JIUI 


SM  TIm  eanlitioiM  vlll  b«  those  on 
toitttulft.s  up  to  the  emotional 
ceilimt  onl.oU  airsH*^*  To  TMk  at  various  altttiidoo 
Thost  iMlnta  will  ho  on  a  rids  along  basis* 


4.t.t  Tost  ConJltlnni* 
thv  itround  an4  at  all 


EOMiHi 

1  3t 

October 

1973 

4*4.3  Tsst  Tmeaduras;  Throughout  tha  flight  anvalopa* 
tha  gitot  will  aaogla  taaparaturo  and  haaidlty  aaaditiona  by  taking  a  record 
with  tha  ohboard  tnstrua«ntatlon  ga^l^tt**  Rocorda  will  ba  nada  using  selnctad 
aaciings  on  the  c«MfMratura  control  knob.  Systan  reagonse  to  setting  clwniias 
will  also  ba  datanslnad.  Thasa  casts  will  ha  conducted  In  both  auto  and  nsnual 
tangevaturo  aontrol  swdaa*  and  aasrganey  want  (Dung) /blood  air  IFF  conditions. 


4.4.  A  Swonort  gaeulrcaents;  F-IS  No.  3.  eidtoard  inatrunantation  sat  on  altar- 
nati«*a  grogran  (grogran  b) tor  rocordtng  tangaraturas. 

4.4. ^  Data*  TIm  history  glots  of  garaawters  listed  In  Table  2. 


4.7  OgJnCTltl!  getf'Tmina  tha  cockgic  dagrassurlsstten*  ragrassurisatlon,  and  laakage 
rates.  ' 

4.7.1  gequiranant  Mfaranca;  kaf  1.1  and  1.4. 

4.7.2  Teat  Conditions;  tearganey  cabin  grcaaure  duag>  and  vantilatlon  will  be 

aelactad  at  tha  following  condltlona:  j 

Fraaaura  Alt  (feet.  FA)  Indicated  Mach  Ho. 


3,300 

0.33 

3,000 

0.41 

3,000 

1.11 

10,000 

0.37 

10,000 

1.13 

33,000* 

C.90 

40,000** 

2.00 

eCabln  laakaga  Cast  condition.  ' 

**  Filoc  will  wear  graasura  suit. 

4.7.3  Teat  Frocadurea;  ISMrganey  dung  and  vanciiaclon  will  be  selected  at  the 
stoblliscd  test  conditions  listed  in  para  4.7.2.  For  tha  40,000  feet  point  the 
pilot  la  ra^uirad  to  wear  a  full  gresauro  suit,  which  will  he  checked  out  during 
tha  cllab  at  aggrosiwatoly  33,000  feat.  Degraaaiirlsatlon  and  gresaurisatlon 
rataa  will  ba  calculated.  At  35,000  fact  and  agproxtaotely  300  KIAS  the  pilot 
will  switch  bleed  air  source  to  OFF  position.  Cabin  dung  will  not  be  aelactad. 
Tha  pilot  will  aialncain  33,000  Coot  until  the  cabin  altitude  agualltas  with  the 
aircraft  alcituda. 

4.7.4  lunnort  Naaniranantat  Aill  grossura  suit  (only  the  fOK  teat  point). 

4.7,3  Patat  Tins  history  glots  of  oolactad  garataacars  Hated  in  Table  I,  and 
pilot  coMoota.  Gentractor  data  will  ba  used  for  the  40,000  foot  teat  point. 

a 

4.1  SttSJH*  Ottaniine  the  capability  of  the  KS  to  provide  adoguota  tangaratures 
and  flow  rataa  to  avioniao  agwigaiant  bays  and  to  aiaiaUan  taagoratwro  varianeas. 
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4,8.2  T«at  Condtctonas  SaM  aa  para  4.6.1. 
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4.8.3  Teat  Procadurtat  Slatlar  ea  para  4.6.);  hawaaar, 
emphnsia  will  ba  placad  on  eha  avionlea  air  aupply.  All  aalontaa  a«|atpaiantt 
excapt  for  ICS  (Intarnal  CountarMaauraa  Syacaa)  will  ba  in  oparaeton.  Tha  XCS 
cooling  alrflow  haa  baan  providad;  howavar.  tc  cannot  ba  awnluated  until  actual 
ICS  aquipoMnt  haa  baan  Inatallad  in  tha  aircraft.  Tha  radar  aholl  ba  placad 
In  Long  Ranga  Saarch  (LRS)  axtda  with  Madlun  Ranga  Ntaalle  (NRM)  aaloctad.  Ttia 
cabin  and  avioniea  taa^ratura/flow  eontrollara  will  ba  aat  on  achodulaa  aa 
datarainad  by  tha  contractor  (aat  prior  to  flight).  Tha  pilot  will  obaarva  and 
note  anytiiaa  tha  AV  Hot  Light  illuailnataa. 


4.8.4  Support  Raauiraawnta:  SaaM  aa  4.6.4  plua  tanparatura  dacala  in  a  ranga 
of  110  •  180  dagroaa  F  to  ba  placad  in  avioniea  conpartaanta. 

4.8.3  Data:  Pilot  conmanta.  tine  history  plota  of  aelectad  paramatara  listad 
in  Table  1.  apd  post  flight  readings  from  tamperatura  decala  in  tha  avionics 
cunpartnanta. 

4.9  OBJECTIVE:  Evaluate  tha  ability  of  tha  anti-fog  subsystem  to  prevent  formation 
of  frost  or  fog  in  tha  mission  essential  transparent  area  of  the  vindshield/canopy. 


4.9.1  Requirement a  Reference:  Ref  l.l,  1.2.  and  1.4, 

4.9.2  Teat  Conditions;  Tha  teat  will  begin  with  a  cold  soaking  of  tha  air¬ 
craft  for  at  least  30  minutes  at  40,000  feet  W5L  at  about  250  KIAS  (.82  tMN). 
Then  a  rapid  descant  to  1,000  feat  HSL  (or  ACL)  will  be  performed. 

4.9.3  Teat  Procedures:  Tha  aircraft  will  proceed  out  to  the  PMR  at  or  above 
40,000  feet  at  approximately  250  KIAS  or  aa  consistent  with  engine  placards.  A 
rapid  descent  at  a  *60  degree  pitch  angle  with  engines  in  idle  and  spaed  brake 
extended  will  be  parforawd.  Tha  aircraft  will  raaialn  subsonic  and  initiate 
pullout  above  6,500  feet  HSL  and  recover  no  lower  than  1,000  feet  HSL.  Tha 
descant  will  ba  awda  with  tha  tomparature  control  knob  at  a  aelectcd  setting. 

If  during  Che  descant  frost  or  fog  begins  to  form,  the  pilot  will  select  a 
warmer  position  on  tha  control  kn<^  Chat  srill  eliminate  tha  condition. 

4.9.4  Suonort  Raauiramahta;  Onboard  instruamntation  and  safety  chase. 

4«9.5  Data:  Selected  time  history  plots  of  meaauranda  from  Tabla  I,  pilot 
commanta,  and  ambient  conditiona  from  Weather  Service,  i.a.,  temperature, 
humidity,  barometric  praasuraa  in  vicinity  of  teats. 

4.10  OBJECTIVE;  Kvaluata  tha  capability  of  tha  oxygen  subayatem  to  provlte  auf- 
ficlanc  oxygen  throughout  the  aircraft's  fli^C  envelope  in  normal,  100&,  and  proa- 
sure  demand. 


4.10.1  Reeulremanta  Reference;  Ref  1.1  and  1.8. 

4.10.2  Teat  Conditions;  Same  aa  para  4.1.1  and  4.6.2. 
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4.10.)  Tmt  fT0C<Mfar»«>  TIm  MiyR*n  ■uhay«tMi  will  hm 
vwiluatttO  on  •  rtO*  along  baalA  at  all  pninta  nf  rntraal 
alrrraft  aparatlona  to  tnetuOa  aooo  eabln  Ouaig  potnta 
which  rcgutro  praaaure  4aaM4  ahowa  30,000  foot  praaaura 
alcitudr. 

4.10.4  Siinaart  Kcantrcwcftti;  Nona 

4.10.3  Data;  Pilot  coaMOta. 


4.11  OOJRCflVIt;  Oacoralna  any  tranOa  towarda  early  or  awaaaalve  BCS  coaiponant 
fatiuraa. 

4.11.1  Rcaulrcoant  Rofai[anca;  Raf  1.1,  1.4,  l.H,  l.ll,  1.12,  and  1.13. 

4.11.2  Teat  Condi t Iona;  Mo  apaclflc  teat  condltlona  required. 

4.11.3  Teat  Proceduma;  The  RCS  will  be  Monitored  for  pro|>er  operation  on  all 
fltghta. 

4.11.4  Stinoort  Reentrewenta;  Accoaa  to  HCAIR  Maintenance  rocorda  and  Infor* 
Nation  frOM  the  P-13  data  retrieval  ayaton. 

4.11.5  Data:  Pilot  and  Maintenance  coMManta,  tine  hlatory  plota  of  aelected 
paroMRtera  In  Table  I  if  a  ayaten  failure  occiira. 

4^12  ORJKCTIVR:  Pvaluato  the  ability  of  the  ECS  to  provide  adequate  cooling  airflow 
to  the  Internal  CounterMuaaurea  SyatOM  (ICS). 

4.12.1  ReautreMont  Referencea;  Ref  l.l. 

4.12.2  Teat  Condltlona;  Condltlona  will  be  on  a  ride  along  baaia  and  aa 
apeclfled  during  the  Tactical  Electronic  Warfare,  Syaten  (TKWS)  ntaalona. 

4.12.3  Taat  Precedurea;  .Throughout  the  ground  and  flight  envelo|M,  the  pilot 
will  take  recorda  of  the  ICS  tOMperaturea  and  preaaurea.  Per  ground  operatlona 
the  ICS  will  be  In  the  atandby  node  and  recorda  will  he  taken  under  varying 
aadtlent  condltlona.  During  ICS  operatlona  recorda  will  alao  be  taken  at  selected 
condltlona  with  all  avlonlca  ON.  In  addition  to  the  paiametera  .Hated  In  Table 
3,  tenperature  decala  in  the  range  froa  110-180  dogreea  P  will  be  placed  on  the 
ICS  unita. 

4.12.4  SnowoTt  RoouIrcManta;  Saoa  aa  4.8.4  plua  P-IS  No.  10. 

4.12.3  Datg;  Pilot  coonenia,  tine  hlatory  plota  of  paraoMtera  Hated  in  Table 
3,  and  poat  flight  readlnga  froM  teaperaturo  decala  In  ICS  conpartMont. 
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INTROnOCTlON 


Tha  final  raport  will  give  a  briaf  (Saseriptlon  of  tha  anvlron- 
roental  control  tyntamf  as^lalning  tha  baaie  logic  of  its  oparation 
and  its  prlnelpil  oparating  sodas,  the  raport  %»ill  than  diseuss 
in  turn  aaeh  ooi^onant  of  tha  systam  (blaad  air  systam,  cabin 
prassurization  and  so  on),  tha  ganaral  approach  will  ba  tot 

a.  describe  tha  componant  and  its  function 

b.  present  tlie  evaluation  criteria 

c.  describe  the  test  results 

d.  state  vdiether  tha  evaluation  criteria  were  net 

\^en  the  criteria  are  not  met  enough  detail  roust  be  provided 
to  effectively  define  the  shortfall  in  each  case.  Tabular  suromaries 
will  be  given  ^ere  appropriate,  tine  histories  will  also  be  given 
with  attention  drawn  to  the  important  parameters.  Photographs 
should  he  used  where  appropriate.  A  general  format  is  suggested 
below  followed  by  a  disctuision  of  functions,  evaluation  criteria 
and  pertinent  parameters  for  each  component.  The  writer  should, 
however,  be  familiar  with  and  conform  to  current  report  format  rules. 

F0W4AT 

Test  Objectives: 

State  that  the  objective  is  to  determine  whether  the  com¬ 
ponent  meets  its  specific  regulrements  and  also  whether  it  is 
operationally  acceptable.  A:  brief  summary  of  the  specific 
requirements  may  be  desirable. 

Oescription  of  Test  Itemi 

A  short  description  should  be  given  of  tlie  consonant  being 
tested,  supported  by  a  schematic.  Describe  its  various  operating 
modes,  including  operation  with  partial  failure  and  emergency 
operation  as  appropriate. 

Test  Methods  and  Conditions: 

Describe  these  in  generjal  terras.  Details  of  the  tests  are 
probably  best  combined  with  discussion  of  test  results. 

Test  Results! 

Present  results  in  narrative  form,  including  a  short  statement 
of  overall  results  and  trendft  supported  by  tabular  and  graphic 
data  as  appropriate. 


Narrative 


Suiranarlze  overall  results  and  conclusions  with  quaili^injg^  j 

remarks  as  necessary.  If  the  cbittpoheht  is  satis factory ^  Ip  .state*  1 

Discuss  deficiencies  in  sufficient  detail  to  affect^^c  1^  define 
the  problem.  Service  Reports  (S.R.s)  subkLtted  duirlhn  the  test^.,<  ,, 
program  should  be  referenced  and  discussed  as  appr^^r  ate^  It'liy 
be  desirable  to  include  copies  of  all  SRs  as  an  ApfiShdix. 

,  ^ 

Tabular  Data.  ■  ^ 

Present  tabular  summaries  of  the  tests  conducted  which  should 
include:  j 

1.  Flight  identification  (date,  flight  number,  aircraft,  etc.) 

2.  Key  parameter  for  the  specific  component  cuid  test 

3.  Coiranents  as  appropriate 
Graphical  Data. 

Present  time  histories  of  dynamic  tests  as  appropriate.  Use  ] 

photographs  to  illustrate  problem  areas  and  deficiencies.  j 

i 

BLUED  AIR  SYSTEM  | 

The  bleed  air  system  consists  of  the  ducting  and  components  j 

that  pass  high  and  low  pressure  bleed  air  from  the  engine  parts  i 

or  other  compressed  air  sources  to  the  Vi^rious  subsystems  that  use  j 

bleed  air.  These  sources  may  Include  any /all  engines,  ah  Auxiliary  | 

Power  Unit  and  ground  support  equipment.  i 

Test  Objectives:  \ 

TliG  test  objectives  are:  i 


1,  to  determine  whether  the  bleed  air  system  provides  air 
at  the  flow  rates,  temperatures,  pressures,  moisture  content 
and  priority  required  by  each  subsystem  or  component  using 
bleed  air 

2.  to  determine  whether  the  bleed  air  system  can -provide 
the  maximum  required  combined  flow  under  the  mose  adverse 
conditions  (o.g.  descent  at  idle  power) 

3,  t<i  determine  whether  the  bleed  system  meets  other  per¬ 
formance  and  design  requirements,  summarized  in  Tables  Al A 
and  AIB  (page  91  and  92) 

4.  to  evaluate  the  bleed  air  controls  (shut  of|  valve%, 
cross  over,  etc.)  provided  to  the  crew 
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Key  PTH>»fr»i 


i 


These  are 

1.  bleed  air  system  confifuraklon 

2.  flight  conditions  (if  airborne) 

3.  engine  settings 

4.  pressure,  temperature  and  mass  flow  of  air  delivered  to 
each  using  subsystem/con^onent 

5.  pressure,  temperature  and  mass  flow  of  air  from  end 
regime/APO 

C*  moisture  content,  where  applicable 

7.  contaimination 

8.  ground  and  flight  crew  comments 

PRESSURIZATION  OF  OCCUPIED  COMPARTMENTS 

The  basic  functions  of  the  pressurixation  system  is  to 
provide  a  comfortably  low  pressure  altitude  in  the  occupied 
compartments  of  aircraft  with  operating  altitudes  greater  than 
20,000  ft.  For  cargo  and  personnel  transports,  navigation 
trainers  and  early  warning  aircraft  the  cabin  altitude  is 
controllable  by  the  flight  cfew.  For  other  types  it  is  to  be 
controlled  automatically.  Performance  and  design  requirements 
are  summarized  in  Tables  A2A  and  A2B  respectively  (pages  93  and  95) . 

Test  Objectives  I 

These  are: 

1.  to  evaluate  compliance  with  the  general  requirements 
summarized  in  Tables  A2A  and  A2B 

2.  to  evaluate  compliance  with  any  additional,  aircraft 
peculiar,  requirements 

3.  to  evaluate  operational  acceptability 
Key  Parameters  I 

1.  bleed  air  system  configuration 

2.  cabin  pressure  control  configuration 

3.  fllgh^  conditions 


4.  engine  settlings 

5.  compartment  pressures 

6*  rate  of  change  of  pressure  altitude 

7.  pressurization  air  flows 

8.  for  pressure  release  tests,  time  to  depressurize 

9.  leak  rate  (see  Appendix  D) 

EQUIPIIEOT  PRESSURIZATION 

The  function  of  the  equipment  pressurization  system  Is  to 
provide,  automatically,  the  pressure  envlxronment  called  for  by 
the  electronic  and  other  equipment.  Equipment  pressurization 
requirements  for  the  aircraft  type  under  test  are  given  In  the 
alrciaft  end  Item  specifications  and  In  the  specifications  of 
individual  Items  of  equipment.  Equipment  using  free  convection 
air  cooling  will  conform  to  general  standards  defined  In 
MIL-E-5400T,  Equipment  using  other  cooling  techniques  will 
usually  have  Its  own  requirements. 

Test  Objectives > 

These  are: 


1.  To  evaluate  conqpllance  of  the  equipment  pressurization 
system  with  requirements 

2.  To  evaluate  operational  suitability 
Key  Parameters: 

1.  System  configuration  and  operating  mode 

2.  Flight  conditions 

3.  Engine  settings 

4.  Pressures  In  equipment  compartments 

PRESSURIZATION  OF  RESERVOIRS  AND  INFLATABLE  SEALS  AND  SUPPLY 
OF  PRESGOPJ:  SUITS 

This  as  a  miscellaneous  group,  put  together  for  convenience 
in  writing  this  Handbook.  It  la  probably  beat  to  rep^mrt  reaultt 
on  these  separately. 

Inflatable  seals  are  part  of  the  ECS.  In  the  case  of 
reservoirs  and  suits,  however,  the  function  of  ^e  ECS  Is  only 


to  supply  suffioiont  air  at  tha  raqulrad  prasaura  and  tanparatora 
to,  for  axanpla,  tha  fual  tank  pxaasttritatlon  aystani* 


yaat  Obiactivai 
Thasa  arat 

1.  To  avaluata  oonplianoa  with  mqulraaMnta  for  raaarvoir 
prassurisation  ovar  all  flight  conditions  (a.g.  fast  dasoent 
at  idla  powar) 

2.  To  avaluata  affactivanaas  of  inflatabla  aaala,  including 
affactivanaaa  at  maximum  diffarantial  praasura  and  minimum 
praaaura  sourca  ou^ut 

3.  To  avaluata  oon^liance  with  raquiramenta  of  tha 
praaaura,  tamparatura,  noiatura  and  contamination 

lavela  of  tha  air  auppliad  to  anti  g  auita  or  praasura  suits 

Kav  Paramatarat 

1.  Syatam  configuration  and  operating  mode 

2.  Plight  conditions 

3.  Engine  settings 

4.  Mass  flows,  prassuras,  tanparaturea ,  moisture  and 
contamination  of  air  auppliad 

5.  Craw  oonmenta  on  suit  operation 

AIR  OONDXTZOIIZIIQ  OP  OCCUPIED  COMPARTMENTS 

The  system  which  air  conditions  occupied  coiqpirtmants  is 
usually  quite  oomplox  and  tha  raquiramenta  it  is  to  meet  are 
demanding.  Tasting  of  tha  system  may  taka  up  a  substantial 
proportion  of  tha  total  BCS  test  effort.  In  general,  testing 
will  address  two  areas 

1.  Taiiq>aratura  distribution  >  uniformity'  of  air  taiq>aratures , 
temparaturas  of  flows  and  radiating  pana3s. 

2.  Performance  under  strasing  conditions  -  cool  dofwn  after 
hot  soak,  heating  after  cold  soak,  tanparaturea  during  extended 
cruise  of  loiter. 

Test  Obiactivasi 

These  are  to  avaluata  overall  operational  sult^illtyr 
to  determine  tidiathar  tha  system  oonplias  with  tha  performance 
and  design  requirements  summarised  in  Tables  ASA  (page  100)  and 
ASn  (page  102)  ■  The  parfoimance  requirements  include  tha  fol.'.owingt 


1.  Ventilation  ratos  to  ba  at  laaat  20  eobio  foot  Mr 
minute  (cfm)  per  man  for  ali  operating  eenftitfons  am  it 
least  1.0  times  the  maximum  allowab).n  production  leaKi^ 
for  all  pressurised  operations.  Air  ve loci tiai  maai  iaiiai 
personnel  not  to  exceed  300  feet  per  minute  (fpm). 

2.  Radiating  surfaces  not  to  exceed  105  degrees  F  near 
seated  personnel  during  pxessuriaed  tligHtf  end  140  degreM  F 
for  all  other  loeatioM  wid  oonditiona. 

3.  Air  supplied  to  the  oeevpied  oospartments  to  be  free 
of  entrained  moisture* 

4.  Air  supplied  to  the  occupied  coapartments  to  be  free 
of  excessive  contamination. 

5.  The  automatic  tMperature  oontrol  to  maintain  the  average 

compartment  air  temperature  to  within  e3  degrees  P  of  selected 
settings.  Temperature  variations  between  any  two  points  in  a 
seating  envelope  should  not  deviate  more  than  fS  degrees  F  from 
the  average  cabin  tenporature.  Temperature  diTferences  outside 
the  envelope  not  allowed  to  vary  wore  than  ^10  degreas  F  average 
cabin  teirperature.  ~ 

6.  Floor  temperatures  to  be  mainta.  ned  above  CO  degrees  F 
average,  with  no  location  less  than  40  degrees  F. 

7.  Average  cabin  teqperatures  to  bn  taaintained  between  45 
degrees  F  and  90  degreas  F  for  unpressurlsed  flight  and 
between  70  degrees  F  and  90  degrees  F  during  flights  with 
an  inoperative  ACM. 

8.  The  cooling  equipment  to  have  sufficient  capacity  to 
maintain  average  oonpartment  tenperature  at  70  degrees  F  except 
that  it  may  be  80  degrees  F  for  transients  lasting  less  than 

30  minutes. 

9.  Heating  equipment  to  be  capable  of  maintaining  an 
average  compartment  temperature  of  80  degrees  F. 

10.  The  ECS  is  to  be  compatable  with  the  service  equipment 
called  for  in  Technical  Or^rs. 

Key  Paramatersi 

1.  System  configuration  and  operating  mode 

2.  Flight  oonditions/groiind  conditions 

3.  Engine  settings 

4.  Temperatures  in  seating  envelopes  ^ 
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5.  Avttrag*  t««p«raturi»«  In  oooupind  oonpafftwante 

6.  Tnnpnrntuns  flows  sad  of  rsdlsting  surfsoos 

7.  Co«(»srtiiisnt  inlst  tosiporsturos  and  flows 
t.  Air  soloeltiss  st  ersw  positloais 

9.  Contsskinstion  and  noisa 
10.  Crow  oossMnts 
EQUIPNBfT  OORDZTZOIIXIfG 

Squlpawnt  roqulrooonts  oovor  a  wldo  rangs  and  sosis  itsao  su^ 
as  radar  tranainittors«  iaiposa  high  loads  on  tha  oooling  systaa. 
Equipsant  ooolad  by  fraa  oonvaetion  air  oooling  is  subjaet  to  a 
standardiaad  sat  of  raquir«saats  (1IZI<-B*S400)  but  ethar  itaaa  of 
aquipnsnt  hava  thair  own  spaeifioations  for  oooling.  Ma  raqulra- 
manta  tha  aquipnsnt  oonditioning  systam  is  to  aaat  should  ba  found 
in  tha  aircraft  and  itam  apaeifications  and  individual  aquipstsnt 
apacifieations.  Tha  final  raport  sniat  ineluda  a  daseription  of 
tha  aquipmsnt  oonditioning  systam  and  its  operating  nodas  and  an 
ovarviaw  of  tha  raquiramants  it  is  to  maat. 

Tast  Obiactiveai 

Thasa  arat 

1.  To  avaluata  oonplianoa  of  tha  aquipmsnt  conditioning  systam 
with  specifications  ii^  both  flight  and  ground  oparations 

2.  To  evaluate  operational  suitability,  including  any  adverse 
effect  of  any  constraints  Imposed  by  aquipmsnt  conditioning  on 
e  .pment  operation. 

3.  To  evaluate  oompatability  with  support  equipment  called  for 
in  Technical  Orders. 


Key  Parameters! 

1.  Systam  configuration  and  operating  mode 

2.  Flight  oondltlona/ground  conditions 
Kng^'.  settings 

4.  Equipment  heat  loads 

5.  Msi^t  flow,  pressure,  tamparatura.  maiatura  level  «id 
oontaninatlon  of  air  flow  in  and  out  of  equipment  ocMpartasnts « 
heat  axchi  rs  etc. 


6.  Wttioht  flotf  and  tMiparatuMs  in  liquid  cooling  loops, 
in  to  and  out  of  boat  oxohangors 

7.  water  and  potential  fonqua  problama 

8 .  Crew  comnents 

AMTI-ICINH  OP  NON  TRANSPARENT  AREAS 

If  anti-lcinq  la  required  on  Air  Force  airplanes  It  la  usually 
limited  to  areas  such  as  ECS  air  scoops  or  radomes*  Flight 
evaluation  of  such  protection  would  use  one  of  the  AFFTC  tanker 
water  spray  systems. 

Tost  Objectives < 

To  evaluate  the  ability  of  the  antl*iee  system  to  iMintain 
satisfactory  operation  of  the  specified  components  uncer  the 
flight  conditions  defined  In  the  aircraft  requlremonts ,  for 
the  meteorological  oonditiona  defined  in  Figure  Al.  (page  123) 

Key  Pararoaterst 

1.  Flight  conditions 

2.  Amiilent  air  temperature 

3.  Component  performance  parameters  (including  temperature  of 
antl-lclng  and/fluid,  surface  temperatures  and  electrical  power 
1£  applied le) 

4.  Position  of  test  aircraft  relative  to  tanker 

5.  Liquid  water  content  of  spray 
C.  Photo  records  of  ice  build  up 
7.  Crew  Comments 

ANTI-ICING  OF  TRANSPARENT  AREAS 

Anti-icing  protection  is  required  for  the  windshield, 
bombardiers  panel  (if  any)  and  other  "mission  essential"  areas. 
Flight  evaluations  of  this  protection  will  usually  use  Uie  AFFTC 
water  spray  tanker. 

Tost  Objectives! 

These  are  to  evaluate  the  ability  of  the  anti-ice  system  to 
protect  mission  essential  areas  for  all  conditions  of  flight 
for  the  meteorol >gicsl  conditions  summarised  in  Figure  A2,  (page  124) 


1.  Flight  rondltioM 

2.  tabiant  air  taaparatura 


3.  CaaBonant  parforaanea  paraaatara  (ineluding  tM^piHraturaa  ol 
antl^ielng  air/fluld,  aurfaoa  taaparataraa  tmA  ateotrioal  pewar 
if  applieabla) 

4.  Poaition  of  taat  aircraft  ralativa  to  tanhar 

5.  Liquid  water  oontaat  of  apray 

6*  Photo  raeorda  of  iea  build  up  on  tranaparant  araaa 
7.  Craw  oonraanta 

DEFROSTING  AND  DBFOGGING  OP  TRAHSPARBtlT  .\RBAS 

Do frosting  and  dafogging  capability  aa  required  for  wind- 
shields »  bonbardlars  panels  and  all  other  aisslon  essential 
areas  for  all  flight  conditions  and  in  taxiing.  Areas  to  be 
protected  include  those  needed  for  taxiiig. 

Tost  objectives  I 

These  are  to  evaluate  the  ability  the  defrost/defog 
system  to  protect  all  mission  essential  :ransparant  areas  during 
taxiing  and  under  all  flight  conditions. 

Key  Parameters t 

1.  Flight  conditions  and  flight  profiles  (e.g.  fast 
descent  after  cold  soak) 

2.  nefog  system  operating  configuration 

3.  Oefog  air  temperature  and  mass  flow  (if  hot  air  used) 

4.  Surface  temperatures 

5.  Meteorological  conditions  and  temperature  and  humidity 
in  cockpit 

6.  Crew  comments  (including  impact  of  system  on  craw  comfort) 

7.  Photo  record  of  frost/fog  build  up 

REMOVAL  op  RAIN  AND  SNOW  FROM  TRANSPARENT  AREAS 

Pilot  and  copilot  windows  are  to  be  protected  against  heavy 
rain  or  snow,  and  sensor  windows  are  to  be  protected  for  all 


conditions  for  which  sonsor  <^rstion  is  rsquind  (Tsibi*  A10«  page 
) .  Windshield  protection  against  "onoasaive  raia*  is  to  be 
sufficient  to  enable  a  safe  landing.  Heavy  rain  is  0.S9  inches 
(l.Scni)  per  hour  (ISOO  miorosMter  eadian  droplet  diasMter)  and 
excessive  rain  is  (1.6  inches  per  hour.  2300  sderoneter  ssidian 
droplet  dianeter) .  Flight  tests  will  be  siade  when  suitable  weather 
is  availfd»le.  Sisiulations  will  be  conducted  using  One  of  the  APFTC 
spray  tankers  and  possibly  in  the  climatic  Laboratory. 

Tost  Objectives  I 


Those  are  to  evaluate  the  protection  of  transparent  areas 
against  heavy  rain,  excessive  rain  and  snow,  protection  against 
heavy  rain  or  snow  is  to  be  provided  fort 

1.  Taxi,  take-off.  landing  approach  and  landing 

2.  «'llght  at  1.6  times  the  stall  speed  at  maximum  weight 
with  gear  and  flaps  (fixed  wing  aircraft) 

3.  riigiit  at  maximum  cruise  speed  (rotary  wing  aircraft) 

4.  In  flight  refuelling  conditions,  if  refuelling  is  reguired 
below  20.000  feet 

Protection  against  excessive  rain  is  to  be  sufficient  to  enable 
a  safe  landing 


1.  Flight  conditions 

2.  Rainfall  rate 

3.  Jet  temperature  and  mass  flow  (If  sir  jets  used) 

4.  Surface  temperatures  in  inipinge^ient  area 

5.  Crow  ooRinent  on  protection 

C.  If  feasible,  photographic  records  of  the  clearance 
PROTECT ion  AGAinST  DOST,  SALT  AHD  INSECTS 


Protection  is  required  for  pilots  end  copilots  windshields 
and  for  sensor  windows  on  aircraft  vhare  mission  raguiras  low  level 
flight  over  the  oceans  or  along  the  const  (snlt)  or  over  lend 
(dust  and  insects).  All  vortical  taka  off  and  landing  aircraft 
are  to  have  proteotion  for  the  pilot  and  owilote  windshields 
(Table  All.  page  119|.  Plight  tests  to  svaluats  the  proteotion 
will  be  oondaeted  when  weathar/aea  oonditiona  are  suitable. 


ISO 


Tmmt  Obi#etlv<iJt 

ThM*  ar*  to  ovaluato  tho  protoctlon  In  relation  to  ratiulronenta. 
Rev  Paraootarai 
!•  Plight  oonditiona 

2.  waathar  conditions 

3.  Saa  state  (for  salt  protection) 

4.  Area  sueoasa fully  protected 

5.  Flight  and  naintananea  crow  coninants 
.  OXYGEN  SYSTEMS 


These  will  be  evaluated  during  normal  flight  missions  and 
servicing*  Requirements  are  summarised  in  Table  <*13* 

Test  Objectives  I 

These  aret 

1*  To  evaluate  the  oxygen  system  for  proper  functioning 
throughout  the  flight  regime,  in  normal  and  emergency  modes 

2.  To  evaluate  servicing  and  maintenance 

3*  To  evaluate  clarity  and  convenience  of  crew  control 

Key  Parameters! 

1*  Functioning  in  normal  operation 
2.  Functioning  during  depressurisation 
3*  Crew  comments  on  controls 
4,  Hase  and  safety  c»f  servicing 
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appendix  d 

MEASUm!BNT  OF  LEAK  RATES 
OF  OCCUPIED  COMPARTNEWTS 


Th«  uttual  •quation  for  tho  donaity  of  a  "par fact*  gaa  iat 
P  -  p/m) 

Whara  p  ■  danalty 

p  ■>  prasaura 
T  ■  abaoluta  tanparatura 
R  »  "gaa  ooaataat" 

Slnoa  tha  naas  (N)  of  air  in  tha  eoaqpartmant  ia  aqual  to  tha  product  of 
tha  danaity  and  tha  ooapartatant  voluna  (V)  wa  nay  aritai 

N  •  Vp/(»T) 

Accapting  tha  uaual  anginaaring  mix  of  unita,  aa  follows t 

M  ■  Iba  maaa 
V  *  cubic  faat 

P  ■  pounds  foroa  par  aquara  inch 
T  •  dagraas  Rankina 

This  aquation  fcaoomast 

M  -  2.70  VP/T 

-  2.70  V(P  4-  AP)/T  (Dl) 

Whara  P.  •  amblant*praasura 

tP  >  cabin  prassura  diffarential 

Diffarantiating  this  aquation  %fa  hava»  sinca  V,  T  and  P.  ara  constants: 

dN  _  2.70V  d{**a  +  AP) 

at  -  - - «- 


(D2) 


Nota  that  tha  sama  tima  units  must  ba  usad  on  both  sidas  of  this 
equation. 

To  datarmina  tha  initial  leak  rate,  at  nominal  differential 
pressure,  tha  simplest  procedure  is  to  plot  tha  diffarential  pressure 
against  tima  on  ateti-log  paper  and  determine  tha  initial  slope.  If 
semi'log  paper  is  not  available  one  may  plot  log,.  (AP)  against  time 
and  then  determine  tha  initial  slope  of  this  cur^.  To  use  this  we 
note  that: 


loVlO  <A)  -  log^(AP) 


*  it 


and  hence 


a^[logi^(AP)3 


That  is: 
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Substituting  in  equation  (D2)  we  novr  have: 

H  at 

Where  AP  and  the  slope  are  evaluated  at  ti>ne  zero 

Figure  D1  shows  data  from  APPTC-TR“81-26  plotted  in  this 
giving: 

It  -"-"I’ 

AP  »  2.84 
V  •  65 
T  •  518 

and  hence: 


dt 


2,70 

"  ITT" 


X  65  X 


286 


0.434 


0.017 


=  -  0.0381 


(D3) 


manner 


This  corresponds  to  2.28  Ibe/min 


Time 

(a) 

Cabin  Pressure 
<paia) 

Cabin  Diff 
Pressure 

Log,.  (Diff 
Pressure) 

0 

11.14 

2.84 

0.45 

5 

10.65 

2.35 

0.37 

10 

10.33 

2.03 

0.31 

15 

9.90 

1.60 

0.20 

20 

9.60 

1.30 

0.11 

25 

9.33 

1.03 

0.01 

30 

9.14 

0.84 

-0.08 

35 

8.92 

0.62 

-0.21 

Air  Temperature  (T) 

-  518®R 

Cabin  Pressure  (V)  ■  65  c.  ft. 


Figure  01  Determination  of  Cabin  Leak  Rate 


